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ABSTRACT 
POSTEMERGENCE ACTIVITY OF ISOXAFLUTOLE ON COOL-SEASON 
TURFGRASS AND WEED SPECIES IN TURFGRASS ENVIRONMENTS 
FEBRUARY 1999 
JAMES ANDREW DROHEN, B.A., NORTHEASTERN UNIVERSITY 
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Prasanta C. Bhowmik 
Turfgrass uniformity is often disrupted by the presence of weed species and 
1996, 1997, and 1998 on smooth crabgrass {Digiiaria ischaemum L.), broadleaf plantain 
(Plcmtago creeping bentgrass (Agrostispalustris Huds.). Isoxaflutole [5 cyclopropyl-4 
(2-methanesulphonyl-4-trifluoromethyl benzoyl) isoxazole] is a new isoxazole compound 
which may have postemergence activity in controlling weed species found in turfgrass 
situations. Experiments were conducted in major L.), white clover (Trifolium repens 
L.), red sorrel (Rumex acetosella L.), and hawkweed (Hieracium pratense Tausch). 
Isoxaflutole at 0, 50, 100, 200, 400, 600, and 800 g ha’* was applied postemergence. 
Weed species displayed various levels of injury. 
Isoxaflutole at 11.6 g ha’* was used in combination with adjuvants Agri-dex and 
Scoil at 1.0% (v/v), and four surfactants (Atplus S-12, Induce, Renex and Silwet) at 
0.25% (v/v). The efficacy of isoxaflutole was not increased with the addition of any 
adjuvant, surfactant, or their combinations. This may have been due to the low rate of 
isoxaflutole. 
vii 
Greenhouse experiments were conducted to determine the response of Kentucky 
bluegrass {Poa pratense L.), annual bluegrass {Poa annua L.), Poa supina, creeping 
bentgrass, chewings fescue {Festuca rubra var. commutata Gaud.), hard fescue {Festuca 
ovina var. duriuscula L. Koch), creeping red fescue {Festuca rubra L.), and perennial 
ryegrass {Lolium perenne L.) to postemergence applications of isoxaflutole (0, 100, 200, 
400, 600, and 800 g ha*^). Isoxaflutole at 200 g ha'^ resulted in excellent control of 
creeping bentgrass. 
In a growth chamber study, Lesco® Iron Sulfate at 0, 0.5, 1,2 and 4 times the 
recommended rates of 12 g Fe / 92.9 m^ was applied postemergence in combination with 
isoxaflutole at 0, 500, and 700 g ha*^ to ‘Baron’ Kentucky bluegrass. Field studies were 
also conducted where isoxaflutole at 0, 200, 400, 600, and 800 g ha*^ was combined with 
Lesco® Iron Sulfate, Lesco® IronPlus, or Sequestrene. Isoxaflutole at 500 g ha’^ injured 
(30%) ‘Baron’ Kentucky bluegrass. Lesco® Iron Plus and Iron Sulfate provided some 
masking from injury due to isoxaflutole and resulted in improved turfgrass quality over 
time. Increased rates of iron did not protect Kentucky bluegrass from herbicide injury. 
viii 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGMENTS.v 
ABSTRACT.vii 
LIST OF TABLES .xii 
LIST OF IGURES.xv 
Chapter 
I. WEED MANAGEMENT STRATEGIES IN ESTABLISHED 
TURFGRASS .1 
Introduction.1 
Weed management in turfgrass environments.2 
Selective control of creeping bentgrass.5 
Influence of foliar applied iron on turfgrass quality.6 
References.8 
II. EFFECTS OF ISOXAFLUTOLE ON SMOOTH CRABGRASS, 
BROADLEAF PLANTAIN, WHITE CLOVER, RED SORREL, 
ANDHAWKWEED .10 
Abstract.10 
Introduction.11 
Materials and methods.13 
Greenhouse experiments.13 
Experimental design.14 
Weed control .17 
Field experiments.17 
Experimental design.18 
Weed control .18 
ix 
Results 19 
Weed control . 19 
Crabgrass. 19 
Broadleaf plantain  19 
White clover. 22 
Red sorr l. 27 
Hawkweed. 30 
Discussion . 30 
References  35 
III. EFFECTS OF OIL ADJUVANTS AND SURFACTANTS ON THE 
ACTIVITY OF ISOXAFLUTOLE IN SMOOTH CRABGRASS 
NTROL. 37 
Abstract  37 
Introduction . 38 
Materials and methods. 39 
Experimental design. 40 
Weed control  43 
Crabgrass counts  43 
Results. 43 
Discussion . 45 
References  53 
IV. RESPONSE OF VARIOUS COOL-SEASON TURFGRASS SPECIES 
TO ISOXAFLUTOLE. 55 
Abstract  55 
Introduction . 56 
Materials and methods. 58 
Experimental design. 59 
Turfgrass injury  62 
Turfgrass color. 62 
Results. 63 
Creeping bentgrass. 63 
X 
‘Baron’ Kentucky bluegrass. 66 
‘Prelude’ perennial ryegrass. 66 
Poa supina. 69 
Annual bluegrass. 72 
‘Shademaster’ creeping red fescue. 75 
‘Jamestown IP chewings fescue . 75 
‘Aurora’ hard fescue (endophyte enhanced) . 80 
Discussion  85 
References . 88 
V. RESPONSE OF ‘BARON’ KENTUCKY BLUEGRASS TO RATES OF 
ISOXAFLUTOLE AND FOLIAR IRON SOURCES. 90 
Abstract  90 
Introduction  91 
Materials and methods. 94 
Field experiments. 94 
Experimental design. 95 
Turfgrass response. 97 
Growth chamber experiments . 97 
Experimental design. 98 
Growth measurements. 99 
Turfgrass response. 100 
Chlorophyll content. 100 
Results. 101 
Field studies. 101 
Growth chamber studies . 107 
Discussion  107 
References  110 
APPENDIX: DATA TABLES  112 
BIBLIOGRAPHY . 127 
XI 
LIST OF TABLES 
Table Page 
2.1 F-values for ‘Rate’ of isoxaflutole for control of weed species. 15 
2.2 Expected mean squares for weed control ratings for various weed 
sp ies. 16 
3.1 Expected mean squares for crabgrass control ratings and crabgrass 
ground cover with various adjuvants and surfactants. 42 
3.2 Influence of surfactants and oils on percent smooth crabgrass control 
with 11.6 g ha'* isoxaflutole as determined by percent ground 
cover  44 
3.3 Duncan’s multiple range on crabgrass control for adjuvants x 
surfactants (1,6, and 8 WAT). Means with the same letter are not 
significantly different from each other . 46 
4.1 F-values for ‘Rate’ of isoxaflutole for injury to cool-season 
turfgrass pecies. 60 
4.2 Expected mean squares for turfgrass injury over 12 weeks. 61 
5.1 Expected mean squares for ‘Baron’ Kentucky bluegrass data 
analysis . 96 
A. 1 Analysis of variance for crabgrass control ratings (1 WAT). 112 
A.2 Analysis of variance for crabgrass control ratings (2 WAT). 112 
A.3 Analysis of variance for crabgrass control ratings (3 WAT). 112 
A.4 Analysis of variance for crabgrass control ratings (4 WAT). 113 
A.5 Analysis of variance for crabgrass control ratings (5 WAT). 113 
A.6 Analysis of variance for crabgrass control ratings (6 WAT). 113 
A.7 Analysis of variance for crabgrass control ratings (7 WAT). 114 
Xll 
114 A. 8 Analysis of variance for crabgrass control ratings (8 WAT) 
A. 9 Analysis of variance for Kentucky bluegrass injury 
ratings (1 WAT).114 
A. 10 Analysis of variance for Kentucky bluegrass injury 
ratings (2 WAT).115 
All. Analysis of variance for Kentucky bluegrass injury 
ratings (3 WAT).115 
A. 12. Analysis of variance for Kentucky bluegrass injury 
ratings (4 WAT).115 
A. 13. Duncan’s multiple range for Kentucky bluegrass injury ratings for 
Iron and Iron x Isoxaflutole (1 WAT), Means with the same letter 
are not significantly different from each other.116 
A. 14, Analysis of variance for Kentucky bluegrass color 
ratings (1 WAT).116 
A. 15. Analysis of variance for Kentucky bluegrass color 
ratings (2 WAT).117 
A. 16 Analysis of variance for Kentucky bluegrass color 
ratings (3 WAT).117 
A. 17 Analysis of variance for Kentucky bluegrass color 
ratings (4 WAT).118 
A. 18 Analysis of variance for Kentucky bluegrass color 
ratings (5 WAT).118 
A. 19 Analysis of variance for Kentucky bluegrass color 
ratings (6 WAT).119 
A. 20 Analysis of variance for Kentucky bluegrass color 
ratings (7 WAT).119 
A. 21 Analysis of variance for Kentucky bluegrass color 
ratings (8 WAT).119 
xiii 
A.22 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron and Iron x Isoxaflutole (1 WAT). Means with the same 
letter are not significantly different from each other .120 
A.23 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron and Iron x Isoxaflutole (2 WAT). Means with the same 
letter are not significantly different from each other .121 
A.24 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron and Iron x Isoxaflutole (3 WAT). Means with the same 
letter are not significantly different from each other .122 
A.25 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron and Iron x Isoxaflutole (4 WAT). Means with the same 
letter are not significantly different from each other .123 
A.26 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron and Iron x Isoxaflutole (5 WAT). Means with the same 
letter are not significantly different from each other .124 
A.27 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron (6 WAT). Means with the same letter are not significantly 
different from each other .125 
A.28 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron (7 WAT). Means with the same letter are not significantly 
different from each other .125 
A.29 Duncan’s multiple range for Kentucky bluegrass color ratings for 
Iron and Iron x Isoxaflutole (8 WAT). Means with the same 
letter are not significantly different from each other .126 
xiv 
LIST OF nCURES 
Figure Page 
2.1 Crabgrass control 3 WAT as affected by various rates of 
isoxaflutole . 20 
2.2 Percent crabgrass control with different rates of isoxaflutole over 
time  21 
2.3 Comparison of broadleaf plantain control 8 WAT with isoxaflutole 
under greenhouse and field conditions . 23 
2.4 Percent control of broadleaf plantain over time as affected by various 
rales of isoxaflutole . 24 
2.5 Comparison of while clover control 4 WAT with isoxaflutole under 
greenhouse and field conditions . 25 
2.6 Percent control of while clover over time as affected by various rates 
of isoxaflutole . 26 
2.7 Comparison of red sorrel control 4 WAT with isoxaflutole under 
greenhouse and field conditions . 28 
2.8 Percent control of red sorrel over lime as affected by various rates 
of isoxaflutole . 29 
2.9 Comparison of hawkweed control 6 WAT with isoxaflutole under 
greenhouse and field conditions . 31 
2.10 Percent control of hawkweed over time as affected by various rates 
of isoxaflutole . 32 
3.1 Percent control of crabgrass as affected by various combinations 
of an oil adjuvant (no adjuvant, Agri-dex, and Scoil) and a 
surfactant 2 WAT  47 
3.2 Percent control of crabgrass as affected bv various combinations 
of an oil adjuvant (no adjuvant, Agri-dex, and Scoil) and a 
surfactant 6 WAT . 48 
XV 
3.3 Percent control of crabgrass as affected by various combinations 
of an oil adjuvant (no adjuvant, Agri-dex, and Scoil) and a 
surfactant 8 WAT .49 
3.4 Crabgrass control with isoxaflutole (11.6 g ha*^) as influenced by 
different surfactants.50 
3.5 Crabgrass control with isoxaflutole (11.6 g ha’^) as influenced by 
different adjuvants.51 
4.1 Creeping bentgrass injury 5 WAT as affected by various rates of 
isoxaflutole .64 
4.2 Percent reduction of creeping bentgrass shoot fresh weight 
12 WAT as affected by various rates of isoxaflutole.64 
4.3 Pigment contents of creeping bentgrass as influenced by various rates 
of isoxaflutole 12 WAT.65 
4.4 ‘Baron’ Kentucky bluegrass injury 6 WAT as affected by various 
rates of isoxaflutole . 7 
4.5 Percent reduction of ‘Baron’ Kentucky bluegrass shoot fresh weight 
12 WAT as affected by various rates of isoxaflutole.67 
4.6 Pigment contents of ‘Baron’ Kentucky bluegrass as influenced 
by various rates of isoxaflutole 12 WAT.68 
4.7 ‘Prelude’ perennial ryegrass injury 8 WAT as affected by various 
rates of isoxaflutole .70 
4.8 Percent reduction of ‘Prelude’ perennial ryegrass shoot fresh weight 
12 WAT as influenced by various rates of isoxaflutole.70 
4.9 Pigment contents of‘Prelude’ perennial ryegrass as influenced by 
various rates of isoxaflutole 12 WAT.71 
4.10 Poa supina injury 4 WAT as affected by various rates of 
isoxaflutole.73 
4.11 Percent reduction of Poa supina shoot fresh weight 12 WAT 
as affected by various rates of isoxaflutole.73 
xvi 
4.12 Pigment contents of Poa supina as influenced by various rates of 
isoxaflutole 12 WAT .74 
4.13 Annual bluegrass injury 6 WAT as affected by various rates of 
isoxaflutole .76 
4.14 Percent reduction of annual bluegrass shoot fresh weight 12 WAT 
as affected by various rates of isoxaflutole .76 
4.15 Pigment contents of annual bluegrass as influenced by various rates 
of isoxaflutole 12 WAT.77 
4.16 ‘Shademaster’ creeping red fescue injury 6 WAT as affected by 
various rates of isoxaflutole.78 
4.17 Percent reduction of ‘ Shademaster* creeping red fescue shoot fresh 
weight 12 WAT as affected by various rates of isoxaflutole .78 
4.18 Pigment contents of ‘Shademaster’ creeping red fescue as influenced 
by various rates of isoxaflutole 12 WAT.79 
4.19 ‘Jamestown II* chewings fescue injury 6 WAT as affected by various 
rates of isoxaflutole .81 
4.20 Percent reduction of ‘Jamestown IT chewings fescue shoot 
fresh weight 12 WAT as influenced by various rates of 
isoxaflutole .81 
4.21 Pigment contents of‘Jamestown U’ chewings fescue as affected by 
various rates of isoxaflutole 12 WAT.82 
4.22 ‘Aurora with endophyte’ hard fescue injury 6 WAT as affected 
by various rates of isoxaflutole.83 
4.23 Percent reduction of‘Aurora with endophyte’ hard fescue shoot fresh 
weight 12 WAT as affected by various rates of isoxaflutole .83 
4.24 Pigment contents of‘Aurora with endophyte’ hard fescue as 
affected by various rates of isoxaflutole 12 WAT.84 
5.1 Injury to ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
and various sources of iron 1 WAT .102 
xvii 
5.2 Injury to ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
and various sources of iron 2 WAT .102 
5.3 Injury to ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
and various sources of iron 3 WAT .103 
5.4 Injury to ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
and various sources of iron 4 WAT .103 
5.5 Color of ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
1 and 2 WAT.104 
5.6 Color of ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
3 and 4 WAT.104 
5.7 Color of ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
5 and 6 WAT.105 
5.8 Color of ‘Baron’ Kentucky bluegrass as influenced by isoxaflutole 
7 and 8 WAT.105 
xviii 
CHAPTER I 
WEED MANAGEMENT STRATEGIES IN ESTABLISHED TURFGRASS 
Introduction 
Today more than ever, the public is concerned with the fate of pesticides in the 
environment. Will they leach into ground water, harm animals, or even worse, humans? 
Advanced herbicides that are safe to use are constantly being researched and developed 
for their effectiveness in weed control. If a herbicide can be effective at low application 
rates, it generally will pose less risk to the environment. Some herbicides are more 
effective at low rates, and, therefore, can cost less than some commonly used high rate 
herbicides. If a herbicide is less toxic and more economical, then all possible uses should 
be explored. 
Isoxaflutole [5 cyclopropyl-4 (2-methanesulphonyl-4-trifluoromethyl benzoyl) 
isoxazole] is a new herbicide belonging to the isoxazole class. Isoxaflutole is a systemic 
herbicide first developed for the control of broadleaf and grass weeds in field com {Zea 
mays L.) (RPA Technical Bulletin). Isoxaflutole has a relatively short half life of 
approximately 35 days in soil, with final degradation to carbon dioxide (Luscombe et al., 
1995) . Light appears to have little effect on degradation, and, as such, isoxaflutole 
would be ideal for postemergence use since it will not photo-degrade (Vrabel et al., 
1996) . 
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Selective control of perennial turfgrass species within another perennial turfgrass 
species is very difficult. Because of the similar nature of their persistent and aggressive 
growth habits, a broad spectrum herbicide is often needed to renovate the entire 
turfgrass stand. At present, there are no selective herbicides available to control 
perennial turfgrass as a weed in a mixed perennial turfgrass stand. 
Isoxaflutole may potentially be used to selectively control creeping bentgrass 
{Agrostispalustris Huds.) within an established turfgrass mix (Bhowmik and Prostak, 
1997). Researchers have also shown that isoxaflutole may have potential as a herbicide 
for crabgrass {Digitaria ischaemum [Shreb]) and some broadleaf weed control 
(Bhowmik and Prostak, 1997; Taylorson, 1997). 
Weed manaeement in turfgrass environments 
An important characteristic of turfgrass quality is uniformity. Uniformity is often 
interrupted by the presence of weeds, which usually have different leaf sizes, shapes, 
colors, and growth habits. Weeds also compete with turfgrass species for nutrients, 
light, and water, which can take away from the appearance and quality of a turfgrass 
stand. 
Developing a cultural program that minimizes weed invasions into turfgrass areas 
involves a thorough understanding of turfgrass weed ecology. Weeds are separated into 
annuals and perennials, depending on their life cycles. Annuals produce many seeds as 
2 
their primary survival mechanism and perennials reproduce primarily through vegetative 
methods such as rhizomes, stolons, bulbs, and tubers. 
One reason weeds are persistent pests is because their weed seeds possess the 
ability to remain dormant until conditions are suitable for germination. Seed dormancy is 
an efficient method for weed survival in turfgrass environments, especially under adverse 
conditions. Weed seeds may often require specific environmental conditions in order to 
germinate, and different weed species are usually found germinating at all times of the 
year. 
Turfgrass managers can use one or more of the following weed control 
techniques; 1) preventative control, such as using weed-free grass seed or eliminating 
weed infestations near irrigation supplies; 2) cultural controls including a suitable 
irrigation, mowing, and fertilization programs; 3) mechanical weed control where 
workers hand weed problem areas; 4) biological controls where insects or pathogens are 
used to control weeds, and; 5) chemical controls, which allow turfgrass managers to 
eliminate problem weeds with a high degree of efficiency. 
Because of the close mowing height of putting greens, many weeds that normally 
occur in areas of higher mowing such as home lawns or athletic fields cannot survive. 
However, some low growing broadleaf weeds such as white clover {Trifolium repens L.) 
and chickweeds {Stellaria spp.) can grow and reduce the playability of golf greens 
(Turgeon, 1991). Trimec (combination of 2,4-D, MCPP, and dicamba) and Mecoprop, 
[(4-chloro-o-tolyl) oxyjacetic acid, are currently recommended for broadleaf weed 
control on bentgrass greens. 
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Cultural factors including mowing height, fertility level, irrigation intensity, and 
cultivation can significantly influence the ability of weeds to invade turfgrass 
environments. As the cultural intensity decreases in turfgrass environments, more weeds 
will invade due to nutrient deficiencies and stress factors which will thin the turf resulting 
in a less competitive turf For example, along right of way passages where little or no 
fertilization occurs, many more weeds exist compared to turfgrass plants. In home lawns 
where little attention is given to the turfgrass, invasion by crabgrass or broadleaf weeds 
such as common dandelion {Taraxacum officinale Weber.) or white clover will often 
occur, since these weeds can survive in stressful conditions. Increased cultural practices 
such as low mowing heights on bentgrass or Bermudagrass {Cynodon dactylon L.) 
greens may also weaken turfgrass plants and result in increased weed invasion due to the 
reduced competitive ability of the turfgrass. Intensive fertility and irrigation programs 
also encourage the infestation of certain plant species such as annual bluegrass {Poa 
annua L.), Bermudagrass, crabgrass, and creeping bentgrass. 
It can be difficult to determine the right cultural conditions that promote a 
healthy turfgrass stand and at the same time discourage weed invasion. In many cases, 
herbicides must be used to deter the invasion of weed species. Researchers are 
constantly searching for more advanced and less toxic herbicides to contend with these 
herbaceous pests. 
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Selective control of creepine bentgrass 
Aside from the general problem with weeds in turfgrass environments, an 
increasing problem for turfgrass managers is the presence of creeping bentgrass in other 
stands of turfgrass such as a Kentucky bluegrass {Poa pratensis L.) lawn or golf course 
rough. Because creeping bentgrass is an aggressive stoloniferous ‘creeper,’ it can invade 
and successfully compete with most cool-season turfgrass species. Such bentgrass 
infestations result in a very low quality turfgrass due to a ‘splotchy’ appearance. 
Creeping bentgrass is a fine-textured, stoloniferous species which is used 
primarily on closely mown areas, such as golf, tennis, and bowling greens. Creeping 
bentgrass is difficult to manage at high mowing heights because of its stoloniferous 
growth habit, and for this reason, it is undesirable in areas such as home lawns and 
athletic fields. 
Creeping bentgrass growing anywhere other than where it was intended 
continues to be a major problem. It is similar to the invasion of common Bermudagrass 
into areas of St. Augustinegrass {Stenotaphrum secundatum). Currently, McCarty 
(1996) is researching possible Bermudagrass control with applications of ethofiimesate 
[(+)-2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methanesulfonate] plus atrazine 
2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine]. Selective control methods 
would save turfgrass managers valuable time and money. 
Until recently, there has been little information regarding ways to selectively 
control creeping bentgrass in perennial turfgrass stands. It is, however, now possible to 
5 
selectively control creeping bentgrass in mixed or mono-culture turfgrass stands with the 
use of an experimental compound known as isoxaflutole (Bhowmik and Prostak, 1997). 
Results have shown this compound to have a very high potential for eliminating creeping 
bentgrass selectively. 
Influence of foliar applied iron on turfgrass quality 
Turfgrass playing fields play a vital role in multi-million dollar sports such as golf, 
baseball, football, and soccer. When turfgrasses become stressed or injured on athletic 
fields, athletes become more susceptible to injury resulting from weakened footing or 
harder surfaces. On golf courses, herbicide injury where turf is discolored, weakened, or 
even killed may cause unfavorable rolls on golf greens as well as increased susceptibility 
of the turf to other biotic as well as abiotic stresses. One of the most desirable aspects of 
a herbicide is its effectiveness in control of weed species, as well as its lack of toxicity to 
the turfgrass species. 
Turfgrass injury is a significant concern for turfgrass managers when using 
pesticides. Any discoloration, loss of vigor, or reduction in density of the turfgrass is 
considered as injury and is detrimental to the appearance and use of the turfgrass stand. 
Avoidance of toxic herbicide effects are especially important on athletic fields and golf 
courses since they are expensive to maintain and expectations for quality surfaces are 
high. 
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Researchers have looked at the possibilities of‘masking’ the adverse effects due 
to pesticides, grovvth regulators, and other stress conditions with increased nutrient 
applications. Nitrogen has long been used to improve turfgrass quality and color, 
however, it is well known that excessive N fertility can increase mowing costs and the 
susceptibility to certain environmental and biotic stresses. 
More recently, iron has been used to improve turfgrass color without promoting 
growth (Carrow et al., 1988; Cooper and Spokas, 1990, 1991; Glinski et al., 1992; 
Johnson et al., 1990; and Yust et al., 1984). Different sources such as iron-sulfate and 
chelated iron are commonly used. Perez-Sanz et al. (1996) showed that when 4% iron 
as citrate phosphate was added to seaweed extracts containing 2.0% P2O5 and 3.0% 
K2O, turfgrass color was enhanced without any significant differences in foliage 
concentrations of nitrogen. Thus, it may be possible to prevent discoloration of turfgrass 
from pesticide toxicity by using foliar applied iron. 
7 
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CHAPTER n 
EFFECTS OF ISOXAFLUTOLE ON SMOOTH CRABGRASS, BROADLEAF 
PLANTAIN, WHITE CLOVER, RED SORREL, AND HAWKWEED 
Abstract 
Isoxaflutole [5 cyclopropyl-4 (2-methanesulphonyl-4-trifluoromethyl benzoyl) 
isoxazole] is a new compound which may have postemergence effects on weed species 
commonly found in turfgrass situations. Greenhouse and field experiments were 
conducted on smooth crabgrass (Digitaria ischaemum L.), broadleaf plantain 
{Plantago major L.), white clover {Trifolium repens L.), red sorrel {Rumex acetosella 
L.), and hawkweed (Hieracium pratenseTausch) with various rates of isoxaflutole. 
Isoxaflutole at rates of 0, 50, 100, 200, 400, 600, and 800 g ha'^ was applied 
postemergence to the weed species mentioned above. Injury symptoms included 
development of chlorotic leaves, browning of leaves, and plant death. Smooth 
crabgrass and white clover were the most susceptible species to isoxaflutole. 
Complete control of smooth crabgrass was obtained at 400 g ha*^ and higher rates of 
isoxaflutole. Season long control of white clover was achieved at 100 g ha*^ and 
higher rates of isoxaflutole. Broadleaf plantain and hawkweed were 60 to 90% 
controlled at 200 g ha*^ and higher rates of isoxaflutole. At 600 g ha’^ isoxaflutole, red 
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sorrel was 95% controlled. Isoxaflutole caused 15% injury to Kentucky bluegrass 
{Poa pratensis L.) at 600 g ha'* up to 2 weeks after treatment (WAT). 
Introduction 
Weeds are usually the major pests on many turfgrass sites. Weeds compete 
with turfgrass species for nutrients, space, sunlight, and moisture, and because weeds 
are usually different colors, sizes, and shapes, they take away from the natural beauty 
of turfgrass stands. There are, currently, over 100 plants considered as weeds in 
turfgrass environments (Turgeon, 1994). 
Some of the common weeds found in turfgrass are dandelions {Taraxacum 
officinale Weber.) in a Kentucky bluegrass {Poapratensis L.) lawn, annual bluegrass 
{Poa annua) in a creeping bentgrass {Agrostispalustris Huds.) putting green, or even 
creeping bentgrass in a mixed turfgrass lawn. 
The primary method of control of turfgrass weeds is a healthy and vigorous 
turfgrass stand. Golf course superintendents typically use intense cultural programs 
which include low mowing, high fertility programs, and an irrigation schedule, 
designed to promote a lush, dense turfgrass stand that will out-compete weed species 
for nutrients and space. 
However, it is possible that weeds may invade even healthy turfgrass stands, 
and, as such, turfgrass managers must use chemical control methods. As of 1991, 
there were 39 herbicides registered for weed control in turf, representing 16 chemical 
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classes (Turgeon, 1994). Turfgrass managers do not have the benefit of crop rotation 
and, therefore, must depend on herbicide rotation to fight resistance of weeds. 
Though there has not been any significant herbicide resistance demonstrated on 
turfgrass weeds, researchers continue to develop newer classes of compounds to add 
to their arsenal in order to prevent potential herbicide resistance buildup by weeds. 
Postemergence herbicides are required when weed seedlings germinate and can 
not be controlled with preemergence applications of herbicides. Postemergence 
herbicides are applied directly to the combined weed/turfgrass stands, and are usually 
absorbed through the foliage. As a result, possible turfgrass injury may occur due to 
the possible absorbtion of herbicide by the turfgrass species. 
An important characteristic of turfgrass quality is uniformity. Uniformity is 
often interrupted by the presence of weeds, which usually have different leaf sizes, 
shapes, colors, and growth habits. Weeds also compete with turfgrass species for 
nutrients, light, and water, which can take away from the appearance of a turfgrass 
stand. 
Weeds most often become established in a weakened or thin turfgrass stand. A 
cultural program that results in a lush healthy turfgrass stand is the most important 
way for turfgrass managers to combat weeds. However, if weeds do persist, several 
methods of weed control including chemical controls can be utilized in turfgrass 
environments, depending on whether the area is under a high-maintenance or low- 
maintenance program. Researchers are constantly searching for newer, safer, and less 
toxic herbicides to contend with these herbaceous pests. 
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One such chemical is isoxaflutole, with preemergence and postemergence 
properties. Isoxaflutole has postemergence uses for weed control in field crops 
(Bhowmik et al., 1996; Himmelstein and Durgy, 1996; Majek, 1996; Vrabel et al., 
1996). 
The objective of our experiments was to determine the postemergence activity 
of isoxaflutole in controlling various weed species commonly found in turfgrass 
environments. 
Materials and methods 
Greenhouse experiments 
Experiments were conducted in the greenhouse from October 17, 1997 to 
April 20, 1998. 
Experiments with white clover, broadleaf plantain, hawkweed, and red sorrel 
were conducted. Seedlings were collected from the University of Massachusetts 
Research Station in South Deerfield and transplanted into 10 cm^ plastic pots, 
containing a Hadley fine sandy loam (Typic Udifluvents) with 3.5% organic matter and 
a pH of 6.5. Each pot contained one plant. The greenhouse had an average 
temperature of 20° C ±2° with natural sunlight. The pots were irrigated as necessary 
to prevent wilting. A fertilizer solution was made containing a soluble fertilizer with a 
N:P:K ratio of 20:20:20. Pots were fertilized with 10 ml of solution so that 113 g N/ 
92.9 m^ was applied weekly until plants were established. Soil was covered with 
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vermiculite before treatments to prevent soil absorbtion of isoxaflutole. The 
vermiculite was removed after drying. Established plants were treated with 
isoxaftutole at 0, 50, 100, 200, 400 and 600 g ha'\ The treatments were applied using 
a C02-backpack sprayer with Teejet XR 11004 VS nozzles at a pressure of 152 kPa 
using a spray volume of 467 L ha*\ 
Experimental design. Experiments were laid out in a completely randomized 
design and all treatments were replicated four times. Analysis of variance (ANOVA) 
was used to determine differences in treatment effects (SAS 6.12, 1996). Error terms 
were obtained by calculating the expected mean squares (Table 2.2) (Damon and 
Harvey 1987). The appropriate error terms were used in the hypotheses tests using 
the ANOVA program of SAS (SAS Institute, 1995). F values with probabilities equal 
to or less than 0.05 were considered significant and designated by an *, and F values 
having probabilities equal to or less than 0.01 were considered highly significant and 
designated by a * * (Table 2.1). The significant interactions were partitioned and 
subsequently regression techniques were used to separate the means. 
The E (MS) (Table 2.2) for these experiments had the following sources of 
variation: rates of isoxaflutole (R) + replications (P) + rate x replications (RP), where 
R stands for the different rates of isoxaflutole used (0, 50, 100, 200, 400, and 600 g 
ha'^) and P stands for replications (4 times). Rates were fixed, while replications 
were random. Based on these assumptions rates had an F-test while the other sources 
did not have any appropriate F-test (Table 2.2). 
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Weed control. Weed control was visually estimated on a scale of 0 to 100%, 
where 0 = no control and 100 = complete control. Control ratings were determined 
each WAT over a period of eight weeks. 
Field experiments 
Field experiments on smooth crabgrass (Digiiaha ischaemum [Schreb]) and 
white clover were initialized at the Turfgrass Research Station, South Deerfield, MA 
on July 1, 1997 and June 25, 1997, respectively. The soil was a Winooski soil 
containing 0.83% organic matter with a pH of 5.75. Field experiments on hawkweed, 
broadleaf plantain, and red sorrel were conducted at the Agronomy Research Station, 
South Deerfield, MA on June 25, 1997. The soil where the broadleaf plantain was 
grown was a Hadley fine sandy loam containing 1.4% organic matter with a pH of 5.0. 
The soil where the hawkweed and red sorrel were grown was a Hadley fine sandy 
loam containing 0.5 % organic matter with a pH of 5.2. 
For the postemergence crabgrass trial, isoxaflutole at 0, 200, 400, 600 and 800 
g ha*^ was applied in combination with different iron treatments (Lesco Iron Plus, 
Lesco Iron Sulfate, and Sequestrene to deliver 12 g Fe / 92.9 m^). For the broadleaf 
trials, isoxaflutole at 0, 50, 100, 200, 400, and 600 g ha'^ was applied postemergence. 
All treatments were applied using a C02-backpack sprayer with Teejet XR 11004 VS 
nozzles at a pressure of 152 kPa using a spray volume of467 L ha*\ 
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Experimental design. Experiments were laid out in a randomized block 
design with 1.1 m by 3.0 m plots replicated four times. ANOVA were used to 
determine differences in treatment effects (SAS 6.12, 1996). Error terms were 
obtained by calculating the expected mean squares (Damon and Harvey 1987). The 
appropriate error terms were used in the hypotheses tests using the ANOVA program 
of SAS (SAS Institute, 1995). F values with probabilities equal to or less than 0.05 
were considered significant and designated by an *, and those with F values having 
probabilities equal to or less than 0.01 were considered highly significant and 
designated by a * *. The significant interactions were partitioned and subsequently 
regression techniques were used to separate the means. 
The E (MS) (Table 2.2) for these experiments had the following sources of 
variation: rates of isoxaflutole (R) + replications (P) + rate x replications (RP), where 
R stands for the different rates of isoxaflutole used (0, 50, 100, 200,400, and 600 g 
ha'* for the broadleaf experiments and 0, 200, 400, 600, and 800 g ha'* for the smooth 
crabgrass experiments) and P stands for replications (3 times for the crabgrass trials 
and 4 times for the broadleaf trials). Rates were fixed, while replications were 
random. Based on these assumptions rates had an F-test while the other sources did 
not have any appropriate F-test (Table 2.2). 
Weed control. Weed control was visually estimated on a scale of 0 to 100%, 
where 0 = no control and 100 = complete control. Control ratings were determined 
each WAT over a period of nine weeks. 
18 
Results 
Weed control 
Crabgrass. In field trials, crabgrass control increased as the rate of 
isoxaflutole increased from 200 to 600 ha’'. This relationship is highly correlated as 
demonstrated by the quadratic regression equation: (Control = 60.25 + 0.115 (Rate) - 
0.001 (Rate)^ with an R^ = 0.99) (Figure 2.1). At 3 WAT isoxaflutole at 200 g ha‘‘ 
resulted in 80% control of smooth crabgrass throughout the season. Isoxaflutole at 
400 g ha'' provided 90% control of smooth crabgrass 3 WAT. Isoxaflutole at 600 and 
800 g ha'' completely killed smooth crabgrass 3 WAT and resulted in season long 
control (Figure 2.2). 
Broadleaf plantain. Highest control came at 8 WAT. The results in 
greenhouse trials are represented by the linear regression equation: (Control = 74.57 
+ 0.036 (Rate) with an R^ = 0.78). Isoxaflutole at lower than 200 g ha'' resulted in 
80% control of broadleaf plantain. At the higher rates of isoxaflutole (400 and 600 g 
ha''), control of broadleaf plantain was greater with 85 to 90% control 8 WAT (Figure 
2.3). Broadleaf plantain control increased linearly over time, regardless of rates. 
Maximum control (80 to 90%) occurred 7 to 8 WAT (Figure 2.4). 
Results in the field 8 WAT are represented by the linear regression equation: 
(Control = 21.77 + 0.051 (Rate) with an R^ = 0.74). Under field conditions. 
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isoxaflutole rates below 200 g ha' resulted in only 30% control. At higher rates, 
overall control of broadleaf plantain increased to only 40 to 50% (Figure 2.3). 
Results from the field experiment and the greenhouse experiment varied 
slightly, with control much lower under field conditions (Figure 2.3). Similar trends 
were demonstrated for all rates of isoxaflutole with control increasing as rates 
increased. However, under greenhouse conditions, 80 to 90% control was obtainable 
8 WAT, while maximum control attainable under field conditions was only 40 to 50% 
at the highest rates of isoxaflutole. 
White clover. In greenhouse trials, as the rate of isoxaflutole increased, 
percent control of white clover increased (Figure 2.5). This relationship corresponds 
to the linear regression equation: (Control = 91.02 + 0.015 (Rate) with an R^ =0.86). 
At 4 WAT, 90% control was attainable with the lowest rates (50 and 100 g ha ‘). At 5 
WAT all rates resulted in complete kill and season long control of clover (Figure 2.6). 
At 4 WAT field results were represented by the linear regression equation: 
(Control = 63.35 + 0.068 (Rate) with an R^ =0.84) which relates to an increase in 
control as isoxaflutole rates increase. At 50 g ha'' isoxaflutole, only 60% control was 
attainable. Only the highest rate of 600 g ha'' resulted in 100% control 4 WAT. 
Season long control was attainable with 200 g ha'' isoxaflutole and greater. 
Results from the field experiment and the greenhouse experiment were 
comparable for white clover. Maximum control was observed between 3 and 5 
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WAT in the field, and between 3 and 4 WAT in the greenhouse. All rates of 
isoxaflutole provided season long control of white clover under growth chamber 
conditions, while season long control was attainable at 200 g ha * and higher under 
field conditions. 
Red sorrel. As rates of isoxaflutole increased, control of red sorrel increased. 
This relationship is highly correlated as demonstrated by the linear regression 
equation: (Control = 58.64 + 0.046 (Rate) with an = 0.63) at 4 WAT (Figure 2.7). 
At 4 WAT, 80% control was achieved under greenhouse conditions. Isoxaflutole did 
not, however, provide season long control of red sorrel plants since regrowth of plants 
occurred 5 WAT and later. As the time interval increased from the application, the 
effect of isoxaflutole on red sorrel decreased with rates lower than 400 g ha'* (Figure 
2.8). 
Field results are illustrated in the linear regression equation where (Control = 
29.64 + 0.080 (Rate) with an R^ = 0.76). Maximum control of red sorrel was 
observed 3 to 4 WAT with 400 g ha'*, but control decreased as time increased. At 
600 g ha'*, isoxaflutole provided 100% control 4 to 5 WAT. 
Although isoxaflutole provided some initial control, treated red sorrel plants 
recovered with new shoots as time progressed from the initial application. 
Eventually, the treated plants showed no injury, especially in the field. 
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Hawkweed. Hawkweed control increased as rates of isoxaflutole increased 
(Figure 2.9). At lower rates, however, hawkweed control was not maintained over 
time (Figure 2.10). A similar trend was observed 6 WAT with the linear regression 
equation: (Control = 72.33 + 0.030 (Rate) with an = 0.70). Isoxaflutole rates of 50 
and 100 g ha‘* resulted in only 65% control 7 to 8 WAT, but hawkweed plants showed 
signs of recovery with new shoots and leaves later in the season. Isoxaflutole at rates 
greater than 200 g ha'‘ provided 90 to 100% control 5 to 7 WAT (Figure 2.10). 
Field data are represented by the linear regression equation: (Control = 
-13.01 +0.175 (Rate) with an R^= 0.96). Control of hawkweed at 200 g ha‘* and 
lower was less than 10% at 6 WAT (Figure 2.9). At 600 g ha‘‘ control was 90%, but 
declined as weeks passed. 
Greenhouse conditions resulted in better control of hawkweed at all rates of 
isoxaflutole compared to field conditions. Hawkweed control increased as rates of 
isoxaflutole increased, but control declined 6 to 8 WAT with the 50 and 100 g ha ‘ 
rates. The 200 g ha'* rate resulted in 90 to 100% control under greenhouse conditions. 
Only 400 g ha * and higher resulted in season long control under greenhouse 
conditions. 
Discussion 
The weed species used in our experiments represent some of the most 
common weed species found in turfgrass situations. Isoxaflutole provided mixed 
levels of control for the plants studied. 
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Herbicides are available for preemergence and postemergence control of 
crabgrass in turfgrass situations (Bhowmik and Bingham, 1990; Chism and Bingham, 
1991, Johnson, 1994, 1997; Watschke and Borger, 1997). As with studies done by 
Taylorson (1997), isoxaflutole used postemergence at 200 g ha'^ and lower provided 
good control of crabgrass, while at rates of 400 g ha'* and higher, isoxaflutole 
provided season-long control of crabgrass. A desirable aspect of isoxaflutole is that it 
has preemergence and postemergence activities for crabgrass control, something few 
herbicides have. 
Isoxaflutole provided 80 to 95% control of broadleaf plantain at 400 and 600 g 
ha'*, but control took well over a month to accomplish, and during this period, new 
plantain seedlings would emerge. Isoxaflutole did not have any preemergence control 
for broadleaf plantain due to the observation of new seedlings 4 to 5 WAT. 
White clover was susceptible to isoxaflutole both under ideal greenhouse 
situations, and under field conditions. At 4 WAT, isoxaflutole at high rates provided 
95% control, with no regrowth of clover. Taylorson (1997) also found similar results 
for treatments on clover and broadleaf plantain. While isoxaflutole provided excellent 
control of white clover, plantain showed some tolerance, even after 2 treatments 
(Taylorson, 1997). While studies show adequate control of plantain and clover with 
some phenoxy compounds, and poor control with compounds such as triclopyr 
[(3,5,6-trichloro-2-pyridinyl)oxy] acetic acid, clopyralid (3,6-dichloro-2-pyridine 
carboxylic acid) and isoxaben (N-[3-(l ethyl-l-methylpropyl)-5-isoxazoyl]-2,6- 
dimethoxybenzamide) when used alone (Chandran and Derr, 1996; Czamota and 
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Bingham, 1996), isoxaflutole provided complete control of clover, but only partial 
control of plantain when used alone. 
Red sorrel was not controlled by lower rates of isoxaflutole. Only 600 g ha** 
of isoxaflutole gave complete control of red sorrel. At 400 g ha** and lower rates, 
isoxaflutole provided less than 60% control of red sorrel, and most plants recovered 
over time, resulting in regrowth of red sorrel in the form of lateral shoots. 
Hawkweed was susceptible to isoxaflutole at the higher rates, especially in the 
greenhouse. The 200 g ha** and higher rates of isoxaflutole completely controlled 
hawkweed. However, under both field and greenhouse conditions lower rates of 
isoxaflutole did not provide season long control. In some instances, new seedlings 
emerged or new shoots provided regrowth of hawkweed plants. Control of 
hawkweed and red sorrel may be better accomplished with combinations of 2,4-D 
[(2,4-dichlorophenoxy) acetic acid], mecoprop [(4-chloro-o-tolyl)]acetic acid, and 
dicamba (3,6-dichloro-o-anisic acid) (Pennucci and Griffin, 1998). 
Isoxaflutole effectively controlled crabgrass at rates of400 g ha** and higher, 
and white clover at rates of 100 g ha** and higher. However, control of broadleaf 
plantain and hawkweed required higher rates of400 and 600 g ha**. Only at the 
highest rate (600 g ha**) will isoxaflutole control red sorrel. These higher rates of 
isoxaflutole may cause some injury to turfgrass stands depending on the species 
present. At 600 g ha** Kentucky bluegrass leaves turned yellow 2 WAT, but 
recovered 4 to 6 WAT. 
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CHAPTER HI 
EFFECTS OF OH. ADJUVANTS AND SURFACTANTS ON THE 
ACTIVITY OF ISOXAFLUTOLE IN SMOOTH CRABGRASS CONTROL 
Abstract 
Isoxaflutole [5 cyclopropyl-4 (2-methanesulphonyl-4-trifluoromethyl benzoyl) 
isoxazole] has potential as a weed control for smooth crabgrass {Digitaria ischaemum 
(Schreb.) Muhl.) in turfgrass stands. The addition of an adjuvant or surfactant may 
increase the activity of herbicides, reducing the amount of herbicide required for control 
of weed species. The reduction of herbicide use will reduce the risk of injury to non¬ 
target turfgrass species. Two oil adjuvants (Agri-dex and Scoil) and four nonionic 
surfactants (Atplus S-12, Induce, Renex and Silwet) were examined. Isoxaflutole at 
11.6 g ha*^ was used in combination with Agri-dex and Scoil at 1.0% (v/v), and the four 
surfactants at 0.25% (v/v). All combinations of adjuvants and surfactants were 
examined. Smooth crabgrass injury and control were monitored for eight weeks after 
application (WAT). The efficacy of isoxaflutole was not increased with the addition of 
any adjuvant, surfactant, or combination of either. Various combinations of treatments 
did not provide acceptable control of smooth crabgrass. This may have been due to the 
low rate of isoxaflutole. 
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Introduction 
Postemergence herbicides are physiologically active in controlling weed species 
and their activity can be improved by the addition of adjuvants or surfactants (Buhler 
and Burnside, 1983; Green, 1995; Keeley et al., 1997; Samples et al., 1987; Swietlik, 
1989). The addition of an adjuvant or surfactant can effectively reduce herbicidal rates, 
which in turn can reduce costs and any perceived unwanted environmental and 
toxicological effects. Adjuvants have multiple functions, but broadly grouped, 
adjuvants increase uptake (Chandrasena and Sagar, 1986), aid deposition (Green, 
1995), extend residual effects (Green, 1995), aid compatibility (Green, 1995), overcome 
antagonism (Green, 1995), reduce drift (Green, 1995), and increase effectiveness of 
herbicides (McWhorter and Barrentine, 1988). 
The addition of an adjuvant improved the effectiveness of glyphosate N- 
(phosphonomethyl) glycine (Buhler and Burnside, 1983; Daniell, 1986; Reddy and 
Singh, 1992; Swietlik, 1989). Therefore, the addition of surfactants may lead to 
reduced rates of herbicides (Buhler and Burnside, 1983; Keeley et al., 1997; Samples et 
al., 1987; Swietlik, 1989). The reduced rate of any herbicide also lowers the chances of 
herbicide injury to desired plant species. 
Adjuvants are defined as any substance in a herbicide formulation or added to 
the spray tank to modify biological activity or application characteristics (WSSA Suppl., 
1985). There are three basic types of adjuvants including; 1) surfactants, which can be 
separated into either nonionic, cationic, anionic, or amphoteric; 2) oils which are 
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separated into either petroleum, vegetable, esterified seed oils, or saponified seed oils 
or; 3) fertilizers with ammonium being the key ingredient (Green, 1995; McWhorter, 
1985). 
Surfactants can improve the emulsifying, dispersing, spreading, wetting or other 
properties of a liquid so that there will be less surface tension of water droplets 
containing herbicide and, therefore, more contact with the leaf surface (Swietlik, 1989). 
If more of the product can come in contact with the leaf surface of weeds by using 
surfactants, less product might be needed to eliminate undesirable weeds reducing the 
potential injury to desirable turfgrass species (Keeley et al., 1997). 
Postemergence application of isoxaflutole can selectively control crabgrass 
populations in cool-season turfgrass stands (Taylorson, 1997). By combining an 
adjuvant or surfactant with isoxaflutole it may be possible to increase the activity of 
isoxaflutole in crabgrass control thereby reducing the risk of injury to any turfgrass 
species present. 
The objective of our experiments was to determine whether or not the addition 
of adjuvants and/or surfactants would reduce the rate of isoxaflutole necessary for 
satisfactory postemergence crabgrass control. 
Materials and methods 
Field experiments were conducted at two different sites, one at the Agronomy 
Farm and the other at the Turfgrass Research Center, South Deerfield, MA. 
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Experiment 1 was conducted at the Agronomy Farm where the soil was a Hadley fine 
sandy loam containing 1.4% organic matter with a pH of 5.0. The experimental area 
was a mixed turfgrass stand consisting primarily of Kentucky bluegrass {Poa pratensis 
L.), perennial ryegrass {Loliumperenne L.), and fine fescues {Festuca spp.). 
Experiment 2 was conducted at the Turfgrass Research Station where the soil 
was classified as a Winooski soil with 1.6% organic matter and a pH of 5.75. The 
experimental area was a ‘Baron’ Kentucky bluegrass stand. 
Both areas had a uniform infestation of smooth crabgrass with about 250 shoots 
per m^. The plots were 1.07 m by 3.14 m. Isoxaflutole at 11.6 g ha’* was used in 
combination with oil adjuvants (Agri-dex and Scoil) at 1.0% (v/v), and surfactants 
(Induce, Renex, Silwet, and Atplus S-12) at 0.25% (v/v). 
The treatments were applied using a C02-backpack sprayer with Teejet XR 
11004 VS nozzles at a pressure of 152 kPa using a spray volume of 467 L ha’*. 
Experiment 1 was treated on June 26, 1996 when crabgrass plants were at the 3- to 4- 
leaf stage, and experiment 2 was treated on July 18, 1996 when crabgrass plants were at 
the 4- to 5-leaf stage. 
Experimental design. Both experiments were laid out in split plot designs with 
two factors. The two oil adjuvants (Agri-dex and Scoil) and a treatment without an 
adjuvant were the primary factors, while the surfactants (Atplus S-12, Induce, Renex, 
Silwet, and no-surfactant) were the secondary factors. All treatments were replicated 
three times. 
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Analysis of variance (ANOVA) were used to determine differences in treatment 
effects. Error terms were obtained by calculating the expected mean squares (Damon 
and Harvey 1987). The appropriate error terms were used in the hypotheses tests using 
the ANOVA program of SAS (SAS Institute, 1995). F values with probabilities equal 
to or less than 0.05 were considered significant and designated by 
an *, and those with F values having probabilities equal to or less than 0.01 were 
considered highly significant and designated by a * *. 
The expected mean squares (EMS) (Table 3.1) for crabgrass ratings and 
crabgrass ground cover had the following sources of variation: adjuvant (A) + 
surfactants (S) + replication (R) + adjuvant x surfactant (AS) + adjuvant x replication 
(AR) + surfactant x replication (SR) + adjuvant x surfactant x replication (ASR), where 
A stands for the different adjuvants (Agri-dex, Scoil, and none), S stands for different 
surfactants (Induce, Renex, Silwet, Atplus S-12, and none), and R stands for 
replications (3 times). Adjuvants and surfactants were fixed while replications were 
random. Based on these assumptions, adjuvants, surfactants, and adjuvant x surfactant 
had F tests, while the other sources did not have appropriate F tests (Table 3.1). 
All data were subjected to ANOVA and the significant interactions were 
partitioned and the means were separated using Duncan’s New Multiple Range Test 
(P = 0.05) (Tables A.1 to A.8) (SAS 6.12, 1996). 
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Weed control. Crabgrass control was visually estimated on a scale of 0 to 
100% where 0 = no control and 100 = complete control of crabgrass. These control 
ratings were recorded every WAT for 8 weeks. 
Crabgrass counts. A grid, 61 cm by 305 cm, was constructed with 80 square 
units each 323.26 cm^. Percent crabgrass was estimated for each of the 80 squares and 
averaged to determine the percent crabgrass in each plot. Counts were taken just before 
application (0 WAT) and 8 WAT to determine overall control. 
Results 
Isoxaflutole at 11.6 g ha’^ in combination with adjuvants and surfactants did not 
control crabgrass populations. Crabgrass populations increased over time to cover 79 
to 99% of the test plots during the experiment (Table 3.2). 
There were no significant differences in crabgrass ratings among adjuvants or 
surfactants. However, there were significant differences among adjuvants x surfactants 
for ratings taken 1 WAT (Table A.1), and highly significant differences among adjuvants 
X surfactants 6 and 8 WAT (Tables A.6 and A.8). 
Analysis of the interaction adjuvants x surfactants showed that during the first 
week there were significant differences among adjuvants by no surfactant (Table A.1). 
Data was partitioned and separated using Duncan’s New Multiple Range Test (P = 
0.05) and showed that when Scoil was combined with no surfactant, crabgrass control 
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Table 3.2. Influence of surfactants and oils on percent smooth crabgrass control with 
11.6 g ha’^ isoxaflutole as determined by percent ground cover. 
Treatments Ground cover by crabgrass 
Before (0 WAT) After (9 WAT) 
0/ 
AgriDex 
Induce 51.96 86.54 
Renex 60.46 93.04 
Silwet 66.58 95.29 
AtPlus 63.25 95.33 
No surfactant 58.50 97.63 
Scoil 
Induce 56.58 93.33 
Renex 45.78 95.21 
Silwet 51.50 86.54 
AtPlus 55.88 95.17 
No surfactant 58.25 99.00 
No adjuvant 
Induce 58.58 81.71 
Renex 53.67 91.46 
Silwet 49.08 91.00 
AtPlus 44.67 92.17 
No surfactant 50.00 79.83 
Experiment 2: 
AgriDex 
Induce 55.08 70.33 
Renex 66.67 80.13 
Silwet 63.17 78.50 
AtPlus 61.17 73.45 
No surfactant 65.17 74.04 
Scoil 
Induce 53.42 64.63 
Renex 53.71 68.96 
Silwet 56.13 67.98 
AtPlus 62.67 72.65 
No surfactant 51.33 67.83 
No adjuvant 
Induce 59.92 75.96 
Renex 56.25 72.96 
Silwet 61.33 76.45 
AtPlus 59.33 68.33 
No surfactant 56.67 71.17 
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was significantly higher than when no surfactant was combined with either Agri-dex or 
no adjuvant (Table 3.3). 
Analysis also showed that at 6 WAT there was a highly significant difference for 
adjuvant x surfactants, with the difference being when adjuvants were combined with 
the surfactants Silwet or Renex (Table A6). Partitioning and separation by Duncan’s 
New Multiple Range Test (P = 0.05) showed that the combination of Scoil and Renex 
provided higher crabgrass control than Agri-dex combined with Renex (Figure 3.2 and 
Table 3.3). Data also showed that the combination of Scoil and Silwet provided better 
crabgrass control than the combination of Agri-dex and Silwet (Figure 3.2 and Table 
3.3). 
At 8 WAT, there was a highly significant difference for adjuvants x surfactants, 
with the difference being when adjuvants were combined with Renex (Table A. 8). 
Partitioning and separation of the interaction sum of squares by Duncan’s New Multiple 
Range Test (P = 0.05) showed that the combination of Scoil and Renex provided higher 
crabgrass control than Agri-dex and Renex (Figure 3.3 and Table 3.3). 
Scoil in combination with various surfactants provided better crabgrass control 
1, 6, and 8 WAT a other combinations of adjuvants and surfactants. 
Discussion 
The addition of either adjuvants or surfactants did not enhance the biological 
activity of isoxaflutole at 11.6 g ha'*. At 11.6 g ha'* isoxaflutole, none of the adjuvants 
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or Airtktants teswd incretsed the ictiNTn of isoxifKitok to a point wliere crabgrass 
pibrnscoocroned 
Tabie 5.3. IXincan''$ multiple range on crabgrass control for adju\'ants x surfactants (1, 
6, aivd S WAT), Means with the same letter are not significantly different 
fiocn each other. 
1 WAT Means 
Scoil: None 60.0 A 
None: None 41.7 B 
.-Vgri-dex; None 36.7 B 
6 WAT Scoil: Renex 63.3 A 
None: Renex 45.0 A B 
Agri-dex; Renex 30.0 B 
Scoil: Silwet 55.0 A 
None: Silwet 35.0 A B 
Agri-dex; Silw’et 25.0 B 
8 WAT Scoil: Renex 29.17 A 
None: Renex 18.37 A B 
Agri-dex; Renex 10.0 B 
It is possible that this rate was not enough to control smooth crabgrass, and the 
addition of any adju\ant would not enhance the activity of 11.6 g ha’^ isoxaflutole for 
crabgrass control. Keeley et al. (1997) showed that the addition of adjuvants to 
dithiopyr, a common crabgrass control, enhaiK:ed the activity on crabgrass because of its 
effects on translocation, spray retention, and the physical movement of the active 
ingredient along the leaf surface. 
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Figure 3.1. Percent control of crabgrass as affected by various combinations 
of an oil adjuvant (no adjuvant, Agri-dex, and Scoil) and a 
surfactant 2 WAT. 
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Figure 3.2. Percent control of crabgrass as affected by various combinations 
of an oil adjuvant (no adjuvant, Agri-dex, and Scoil) and a 
surfactant 6 WAT. 
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Figure 3.3. Percent control of crabgrass as affected by various combinations 
of an oil adjuvant (no adjuvant, Agri-dex, and Scoil) and a 
surfactant 8 WAT. 
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Figure 3.5 Crabgrass cx)ntrol with isoxaflutole (11.6 g ha ^) as influenced by 
different adjuvants. 
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Season long control of crabgrass was not attainable. Crabgrass control was less 
than 25% at all combinations of adjuvants and surfactants 8 WAT (Figure 3.3). In fact, 
percent ground cover of crabgrass increased over time for all combinations of 
adjuvants and surfactants (Tables 3.2). Generally, 90% control or higher is required for 
acceptable control for smooth crabgrass. Data presented in Table 3.3 suggests that the 
use of Scoil may increase the initial activity of isoxaflutole, but 2 WAT all combinations 
provided similar results for crabgrass control. 
There were highly significant interactions over weeks for both experiments. 
Typically, there was high initial crabgrass injury 1 to 2 WAT (Figures 3.4 and 3.5), but 
as time increased crabgrass control decreased and crabgrass plants continued to grow 
and encroach the surrounding turfgrass. The initial injury, though high, was not enough 
to satisfactorily control crabgrass plants in turfgrass stands. 
It is possible that increasing the rate of isoxaflutole with various combinations of 
adjuvants and surfactants may control crabgrass, however, increasing the rate did not 
make sense economically for turfgrass managers. 
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CHAPTER IV 
RESPONSE OF VARIOUS COOL-SEASON TURFGRASS SPECIES TO 
ISOXAFLUTOLE 
Abstract 
Infestation of creeping bentgrass {Agrostis palustris Huds.) leads to discolored 
and unwanted turfgrass stands on golf courses and home lawns because of scalping 
and segregation. Currently there are no selective control methods for creeping 
bentgrass in mixed turfgrass stands. Greenhouse experiments were conducted to 
determine the response of Kentucky bluegrass {Poa pratensis L.), annual bluegrass 
{Poa annua L.), Poa supina, creeping bentgrass, chewings fescue {Festuca rubra var. 
commutata Gaud.), hard fescue {Festuca ovina var. duriuscula L. Koch), creeping red 
fescue {Festuca rubra L.), and perennial ryegrass {Lolium perenne L.) to isoxaflutole 
[5 cyclopropyl-4 (2-methanesulphonyl-4-trifluoromethyl benzoyl) isoxazole]. 
Isoxaflutole at 0, 100, 200, 400, 600, and 800 g ha*^ was applied postemergence to 
each of the established turfgrasses. Turfgrass injury symptoms were development of 
chlorotic leaves and thinning of turfgrass populations. Perennial ryegrass was the least 
susceptible species, while creeping bentgrass and Poa supina were the most 
susceptible. Fresh weights of hard fescue increased when isoxaflutole was applied at 
100 and 200 g ha'^ but the fresh weight decreased when isoxaflutole was applied at 
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400 g ha’* and higher. Isoxaflutole at 200 g ha’* resulted in excellent control of 
creeping bentgrass. This type of control shows a potential for use in cool-season 
turfgrass species. 
Introduction 
Selective control of perennial turfgrass species within another perennial 
turfgrass species is very difficult. Kentucky bluegrass lawns and golf course fairways 
are commonly infested with creeping bentgrass in the northeast. Because of its 
stoloniferous growth habit, creeping bentgrass can quickly take over an established 
mono-stand of a turfgrass species. 
Creeping bentgrass presents the most challenging problem for cool-season 
turfgrass managers. Creeping bentgrass is most commonly used for golf course 
putting greens and sometimes approaches and fairways because of its adaptability to 
close mowing heights. 
If creeping bentgrass grows into less closely mown areas such as the roughs on 
golf courses or home lawns it can become discolored because of‘scalping’ by 
mowing. The aggressive growth habit can completely take over an existing turfgrass 
stand within a couple of years. 
A similar situation occurs with warm season turfgrass species such as common 
Bermudagrass {Cynodon dactylon [L.] Pers.) in St. Augustinegrass {Stenotaphrum 
secundatum [Walt.] Kuntze.) sod production. Common Bermudagrass was 
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successfully controlled in St. Augustinegrass with applications of ethoflimesate ((±)-2- 
ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methanesulfonate) at 3.4 kg ha*^ plus 
atrazine (2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine) at 4.5 kg ha‘* or 
ethoflimesate alone at 3.4 kg ha'^ applied for 3 consecutive months (February, March, 
and April) (McCarty, 1996). Thus, selective control of Bermudagrass within St. 
Augustine can save significant time and money. Some of the benefits from such 
selective control include reduced herbicide applications, little or no turfgrass injury on 
desired species, and less time waiting for sod to grow from sprigs (McCarty, 1996). 
If bentgrass becomes too aggressive in a mixed stand of turfgrass, a non- 
selective herbicide such as glyphosate [N-(phosphonomethyl) glycine] could be used to 
renovate the entire area. It is a costly procedure and takes time for the newly seeded 
turfgrass to become established. Currently, there is no selective method available for 
the control of creeping bentgrass. 
Recent reports have indicated that isoxaflutole can be used to selectively 
control creeping bentgrass in other established turfgrass species (Bhowmik and 
Prostak, 1997). 
The objectives of this work were: 
i) To study the effects of isoxaflutole on growth and development of 
various cool-season turfgrass species. 
ii) To explore possibilities of reducing any phytotoxicity to turfgrass 
species. 
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iii) To examine the potential for selective control of creeping bentgrass 
in mixed turfgrass stands. 
Materials and methods 
Two identical experiments were initiated in the greenhouse in 1996 and 1997. 
Species included Kentucky bluegrass, annual bluegrass, Poa supina, creeping 
bentgrass, chewings fescue, hard fescue, creeping red fescue, and perennial ryegrass. 
All turfgrass sod/soil plugs (4 cm in diameter by 5.5 cm in height) were taken from the 
University of Massachusetts Turfgrass Research Facility in South Deerfield, MA 
except for Kentucky bluegrass and Poa supina plugs which were taken from Savage 
Sod Farm, in South Deerfield, Massachusetts. All plugs were transplanted to 10-cm^ 
greenhouse pots having a Hadley fine sandy loam (Typic Udifluvents) with 3.5% 
organic matter and a pH of 6.5. The greenhouse had an average temperature of 20 °C 
±2° with natural sunlight. The pots were watered as necessary to prevent wilting. A 
fertilizer solution was made containing a soluble fertilizer with a N:P:K ratio of 
20:20:20. Pots were fertilized with 10 ml of solution so that 113 g N / 92.9 m^ was 
applied weekly until plants were established. Soil was covered prior to treatment with 
vermiculite to prevent soil absorbtion, then removed after treatments. 
In all experiments, six rates [0, 100, 200, 400, 600, and 800 g ha*^] of 
isoxaflutole were applied to the established turfgrass. All treatments were applied 
using a C02-backpack sprayer with Teejet XR 11004 VS nozzles at a pressure of 152 
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kPa using a spray volume of 467 L ha'*. For the first experiment treatments were 
applied on April 11, 1997, while the treatments were applied on November 1, 1997 for 
the second experiment. 
Experimental design. Both experiments were laid out in a completely 
randomized design and all treatments were replicated four times. 
Analysis of variance (ANOVA) were used to determine differences in 
treatment effects. Error terms were obtained by calculating the expected mean squares 
(Damon and Harvey 1987). The appropriate error terms were used in the hypotheses 
tests using the ANOVA program of SAS (SAS Institute, 1995). F values with 
probabilities equal to or less than 0.05 were considered significant and designated by 
an *, and those with F values having probabilities equal to or less than 0.01 were 
considered highly significant and designated by a * * (Table 4.1). 
The E (MS) (Table 4.2) for these experiments had the following sources of 
variation: Rates of isoxaflutole (R) + replications (P) + rate x replications (RP), where 
R stands for the 6 different rates of isoxaflutole used (0, 100, 200, 400, 600, and 800 g 
ha'*) and P stands for replications (4 times). Rates were fixed while replications were 
random. Based on these assumptions, rates had an F-test while the other sources did 
not have any appropriate F-test (Table 4.2). 
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Turfgrass injury Turfgrass iiyury was visually estimated on a scale of 0 to 
100%, where 0 = hish healthy tur^ and 100 = dead brown turf. Turfgrass injury was 
determined each week up to 12 weeks after treatment (WAT). After 12 weeks, 
turfgrass plugs were harvested and above ground biomass was determined by fresh 
weights. One day prior to harvesting, plairts were watered and allowed to dry. Fresh 
weights were taken the following morning. 
Turfgrass color Turfgrass color of the treated plants was determined by 
chlorophyll estimation (Benson, 1985). Chlorophyll was extracted in N,N-dimethyl 
formamide and absorbance at 663, 645 and 480 nm wavelengths was recorded using a 
spectrophotometer. Using the absorbance values, chlorophyll a, chlorophyll b, and 
carotenoid pigments were calculated based on the following formulas (Amon et al. 
1956), In this situation, 480 nm was used instead of440 nm. All values were 
calculated in pg/g fi-esh wdght. 
Chlorophyll a = 12.7 (A «a) - [ 2.69 (A^,) (V / W)] 
ChlorophyU b = 22.9 (A ^j) - [ 4.68 (A^) (V / W)] 
Total chlorophyll (a+b) = 20.2 (A ^5) + [ 8.02 (A^) (V / W)] 
Carotenoid = 4.16 (A 4^) - [ 0.89 (A^) (V / W)] 
All data were subjected to ANOVA and appropriate mean separation 
techniques wCTe used (SAS 6.12, 1996). The significant interactions were partitioned 
and subsequently regression techniques were used to separate the means. 
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Results 
Creeping benterass. As concentrations of isoxaflutole increased to 400 g 
ha'‘, injury to creeping bentgrass increased. Injury due to increased isoxaflutole rates 
is represented by the quadratic regression equation: (Injury = 54.21 +0.174 (Rate) - 
0.001 (Rate)^ with an R^ = 0.79) at 5 WAT (Figure 4.1). Isoxaflutole at 100 g ha*' 
resulted in 60% injury to creeping bentgrass 2 WAT. In contrast, isoxaflutole at 200 
g ha * completely killed creeping bentgrass 6 WAT. Isoxaflutole at rates greater than 
200 g ha * resulted in 80 to 100% injury to creeping bentgrass 2 WAT. 
As concentrations of isoxaflutole increased to 200 g ha'*, fresh weights of 
above-ground plant parts decreased as a result of injury (Figure 4.2). This 
relationship is highly correlated as demonstrated by the quadratic regression line: 
(ShtWt. = 66.38 + 0.115 (Rate) - 0.001 (Rate)^ with an R^ = 0.65) at 12 WAT. 
Isoxaflutole at more than 200 g ha * resulted in 100% control of creeping bentgrass 
with no fresh shoot weight. 
Overall, concentration of plant pigments chlorophyll a and b, total chlorophyll, 
and carotenoid decreased as the concentration of isoxaflutole increased to 400 g ha * 
(Figure 4.3). Isoxaflutole at rates of 400 g ha * and higher resulted in almost no 
pigments due to death of bentgrass plants. 
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Figure 4.1. Creeping bentgrass injury 5 WAT as affected by various rates 
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Figure 4.2. Percent reduction of creeping bentgrass shoot fresh weight 
12 WAT as affected by various rates of isoxaflutole. 
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Figure 4.3. Pigment contents of creeping bentgrass as influenced 
by various rates of isoxaflutole 12 WAT. 
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*Baron’ Kentucky bluegrass. Injury to ‘Baron’ Kentucky bluegrass was 
related to isoxaflutole rates as indicated by the linear equation: (Injury = 28.52 + 0.094 
(Rate) with an = 0.96) at 6 WAT (Figure 4.4). As the rate of isoxaflutole increased, 
injury to Kentucky bluegrass increased. Kentucky bluegrass sustained minor injury at 
2(X) g ha"' of isoxaflutole and the treated turfgrass recovered. At rates of 6(X) and 800 
g ha ', Kentucky bluegrass sustained 80% and higher injury, and the treated Kentucky 
bluegrass did not recover. At 4 WAT, Kentucky bluegrass sustained on average 95% 
injury at 600 g ha ' isoxaflutole. 
As the rate of isoxaflutole increased, fresh weights of above-ground clippings 
decreased due to increased injury (Figure 4.5). Decrease in shoot weight is represented 
by the linear regression line: (ShtWt. = 21.51 -i- 0.069 (Rate) with an R^ = 0.89). At 
rates of 2(X) g ha'' shoot fresh weight was reduced by 25%, but was not visually 
noticeable. At rates greater than 400 g ha ' Kentucky bluegrass turfgrass suffered over 
a 60% reduction in shoot fresh weight. Overall, pigment concentrations decreased 
linearly due to increases in isoxaflutole rates (Figure 4.6). 
‘Prelude’ perennial ryegrass. Injury due to isoxaflutole treatments is 
represented by the linear regression line: (Injury = 0.408 -i- 0.008 (Rate) with an R^ = 
0.76) at 8 WAT. As the rate of isoxaflutole increased, injury to ‘Prelude’ perennial 
ryegrass increased to 20% at the most, 3 to 4 WAT. Isoxaflutole at 400 g ha'' and 
lower, exhibited minimal injury to perennial ryegrass after the first few weeks and all 
turfgrass recovered showing minimal signs of injury 8 WAT (Figure 4.7). Isoxaflutole 
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Figure 4.4. 'Baron' Kentucky bluegrass injury 6 WAT as affected 
by various rates of isoxaflutole. 
Figure 4.5. Percent reduction of 'Baron' Kentucky bluegrass shoot 
fresh weight 12 WAT as affected by various rates of isoxaflutole. 
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at 800 g ha’^ caused 65% injury to perennial ryegrass 2 WAT, but at 10 WAT perennial 
ryegrass recovered completely showing no injury symptoms. 
Alternatively, as concentrations of isoxaflutole increased, fresh weights of 
above-ground plant parts decreased as a result of injury. Decrease in shoot fresh 
weight is represented by the linear regression line: (ShtWt. = 0.90 + 0.021 (Rate) with 
an = 0.95) (Figure 4.8). Isoxaflutole at 800 g ha'* caused a 50% reduction in shoot 
fresh weight, but was not visually noticeable. 
Concentration of plant pigment chlorophyll a decreased slightly from about 
5.25 pg chlorophyll a per g fresh weight to about 4 pg chlorophyll a per g fresh weight. 
The increased rates of isoxaflutole did not reduce the concentrations of chlorophyll b 
and carotenoids (Figure 4.9). 
Poa supina. Overall, as the rates of isoxaflutole increased to 600 g ha'*, injury 
to Poa supina increased. Injury to Poa supina due to isoxaflutole treatments is highly 
correlated as demonstrated by the quadratic regression line: (Injury = 41.68 + 0.184 
(Rate) - 0.001 (Rate)^ with an R^ = 0.96) at 4 WAT (Figure 4.10). Isoxaflutole at 100 
g ha'* caused 55% injury 4 WAT. Isoxaflutole at 200 g ha'* caused 100 % injury to 
Poa supina 10 WAT. The higher rates (greater than 600 g ha'*) completely killed Poa 
supina 4 WAT (Figure 4.10). 
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Figure 4.7. 'Prelude' perennial ryegrass injury 8 WAT as affected 
by various rates of isoxaflutole. 
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Figure 4.8. Percent reduction of 'Prelude' perennial ryegrass shoot 
fresh weight 12 WAT as influenced by various rates 
of isoxaflutole. 
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Figure 4.9. Pigment contents of 'Prelude' perennial ryegrass as 
influenced by various rates of isoxaflutole 12 WAT. 
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As rates of isoxaflutole increased to 600 g ha ‘, fresh weights of above-ground 
plant parts decreased (Figure 4.11). Decrease in shoot weight is related to the 
quadratic regression line: (Sht.Wt. = 38.73 + 0.192 (Rate) + 0.001 (Rate)^ with an 
R^ = 0.88). Isoxaflutole at rates greater than 200 g ha* completely killed Poa supina. 
Overall, concentration of plant pigments chlorophyll a and b, total chlorophyll, 
and carotenoid decreased linearly as the concentration of isoxaflutole increased (Figure 
4.12). 
Annual bluegrass. As concentrations of isoxaflutole increased, injury to 
annual bluegrass increased. Injury at 6 WAT due to the increased isoxaflutole rates is 
represented by the linear regression line: (Injury = 62.78 + 0.051 (Rate) with an R^ = 
0.75). Isoxaflutole at 100 g ha'* exhibited slight turfgrass injury (50%), and thus the 
treated annual bluegrass recovered with time. Isoxaflutole at 400 g ha'* completely 
killed annual bluegrass 6 to 8 WAT. 
As rates of isoxaflutole increased to 600 g ha'*, fresh weights of above-ground 
plant parts decreased (Figure 4.14). Decrease in shoot weight is represented by the 
linear regression line: (ShtWt. = 55.43 + 0.06 (Rate) with an R^ = 0.52). Isoxaflutole 
at 200 g ha'* and above completely killed annual bluegrass plants, thus no fresh matter 
was obtained. 
Concentration of plant pigments chlorophyll a and b, total chlorophyll, and 
carotenoid decreased linearly as the concentration of isoxaflutole increased (Figure 
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Figure 4.10. Poa supina injury 4 WAT as affected by various rates 
of isoxaflutole. 
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as affected by various rates of isoxaflutole. 
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4.15). Isoxaflutole at 200 g ha'‘ resulted in complete loss of chlorophyll a and b and 
carotenoid pigments and therefore resulted in complete death of annual bluegrass 
plants. 
*Shademaster’ creepine red fescue. As rates of isoxaflutole increased, injury 
to creeping red fescue increased. Injury at 6 WAT due to increased isoxaflutole rates 
is represented by the linear regression line: (Injury = 32.88 + 0.068 (Rate) with an = 
0.76) (Figure 4.16). Isoxaflutole at 200 g ha ' and lower exhibited slight injury to 
creeping red fescue after the first few weeks and turfgrass recovered slowly showing 
some thinning of turfgrass at the end of experiments. Isoxaflutole at 400 g ha ' 
completely killed creeping red fescue 4 to 6 WAT 
As concentrations of isoxaflutole increased, fresh weights of creeping red 
fescue decreased (Figure 4.17). Decrease in shoot weight is represented by the linear 
regression line: (ShtWt. = 17.95 +0.101 (Rate) with an R^ = 0.93). Isoxaflutole at 400 
g ha' resulted in complete control of creeping red fescue plants. 
As isoxaflutole rates increased (800 g ha '), concentration of plant pigments 
decreased to less than 1 pg pigment / g fresh weight (Figure 4.18). 
Mamestown IP chewings fescue. As rates of isoxaflutole increased, injury to 
chewings fescue increased. This relationship is highly correlated as represented by the 
linear regression line: (Injury = 3.05 + 0.091 (Rate) with an R^ = 0.96) at 6 WAT 
(Figure 4.19). Isoxaflutole at 100 and 200 g ha*' exhibited minor turfgrass injury and 
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Figure 4.13. Annual bluegrass injury 6 WAT as affected by various 
rates of isoxaflutole. 
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Figure 4.14. Percent reduction of annual bluegrass shoot fresh weight 
12 WAT as affected by various rates of isoxaflutole. 
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Figure 4.17. Percent reduction of 'Shademaster' creeping red fescue 
shoot fresh weight 12 WAT as affected by various rates 
of isoxaflutole. 
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the chewings fescue did recover over time. Isoxaflutole at 600 and 800 g ha'‘ injured 
chewings fescue the most, with only 50% damage. 
As rates of isoxaflutole increased, fresh weights of above-ground plant parts 
decreased (Figure 4.20). Decrease in shoot weight is represented by the linear 
regression line: (ShtWt. = 2.80 + 0.076 (Rate) with an = 0.91). Isoxaflutole rates up 
to 400 g ha‘ slightly reduced plant fresh weights. Isoxaflutole at 600 and 800 g ha* 
resulted in the maximum injury to chewings fescue with 60% decrease in fresh matter. 
Concentrations of plant pigments chlorophyll a and b, total chlorophyll, and 
carotenoid increased as the rates of isoxaflutole increased, most likely due to new 
growth (Figure4.21). Plants treated with isoxaflutole at 100 and 200 g ha* produced 
less pigments compared to the control, but at rates of 400 g ha * and higher, 
isoxaflutole treatments resulted in higher pigment content in chewings fescue plants 
compared to controls, probably due to sampling of new growth. 
‘Aurora’ hard fescue (endophvte enhanced). As concentrations of 
isoxaflutole increased, injury to hard fescue increased to about 50% at the highest rate 
of isoxaflutole 6 WAT (Figure 4.22). Injury due to increased isoxaflutole rates is 
represented by the linear regression line: (Injury = 2.05 + 0.069 (Rate) with an R^ = 
0.98). Isoxaflutole at 100 and 200 g ha* exhibited 10% turfgrass injury and the hard 
fescue did recover over time showing no injury symptoms. Isoxaflutole at 400 g ha 
caused the most damage, but turfgrass plants were recovering as the experiments ended 
and injury to plants was never higher than 70% at any time. 
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Figure 4.19. 'Jamestown 11' chewings fescue injury 6 WAT as 
affected by various rates of isoxaflutole. 
Figure 4.20. Percent reduction of 'Jamestown H' chewings fescue 
shoot fresh weight 12 WAT as influenced by various 
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Figure 4.22. 'Aurora with endophyte' hard fescue injury 6 WAT 
as affected by various rates of isoxaflutole. 
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Figure 4.23. Percent reduction of 'Aurora with endophyte' hard fescue 
shoot fresh weight 12 WAT as affected by various rates 
of isoxaflutole. 
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Figure 4.24. Pigment cx)ntents of 'Aurora with endophyte' hard 
fescue as affected by various rates of isoxaflutole 12 WAT. 
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At 100 and 200 g ha’^ of isoxaflutole, fresh weights of above-ground plant parts 
increased, but shoot fresh weights decreased due to injured plants treated with 
isoxaflutole at 400 g ha’^ (Figure 4.23). Decrease in shoot weight is represented by the 
linear regression line: (ShtWt. = -27.29 + 0.109 (Rate) with an = 0.80). As seen 
from Figure 4.23 there was an increase in shoot fresh weight for plants treated with 100 
and 200 g ha’^ of isoxaflutole, indicating some enhancement of plant growth. The 400 
g ha*^ rate of isoxaflutole and higher reduced shoot weight. Isoxaflutole at 400, 600 
and 800 g ha** injured the chewings fescue most, with about a 50% decrease in fresh 
matter. 
As with chewings fescue, concentration of plant pigments chlorophyll a and b, 
total chlorophyll, and carotenoid increased linearly as the rates of isoxaflutole 
increased, probably due to new growth (Figure 4.25). 
Discussion 
Turfgrass species susceptible to isoxaflutole displayed chlorotic or bleaching 
symptoms. The loss of green color was due to the loss of plant pigments chlorophyll a 
and b. In the presence of isoxaflutole, the enzyme hydroxy phenol pyruvate dehydrase 
is bound to isoxaflutole. When this enzyme becomes unavailable, the cofactor 
plastoquinone, which activates phytoene desaturase (an important enzyme in carotenoid 
biosynthesis), is not activated. This ultimately leads to the loss of carotenoid pigments 
(Luscombe et al., 1995). Carotenoid pigments react with high energy oxygen. 
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preventing the destruction of chlorophyl a and b. If carotenoids are not present for this 
role, then chlorophyll a and b are destroyed, thus the loss of green color in plants. 
It is possible that tolerant turfgrass species can metabolize isoxaflutole into non¬ 
toxic compounds, preventing the loss of plant pigments. Under ideal conditions, 
turfgrass plants sustaining minor injury (^20 %) would recover with new growth. 
Turfgrasses used in our experiments represented most of the common cool- 
season species used on golf courses, home lawns, and athletic arenas. If selective 
control of creeping bentgrass is to be obtained using isoxaflutole, injury to other cool- 
season turfgrasses must be none or minimal. Isoxaflutole at 200 g ha** seems to be an 
adequate rate for controlling creeping bentgrass without causing significant injury to 
some other common cool-season turfgrasses. Injury to Poa supina at 200 g ha** was 
significant, but at this time, Poa supina is not a common species in New England states. 
At 100 and 200 g ha**, isoxaflutole promoted growth in ‘Aurora’ hard fescue. 
This would benefit the use of isoxaflutole as a selective control method for creeping 
bentgrass not only by selectively eliminating creeping bentgrass, but by promoting 
growth to certain fine fescue species allowing rapid fill in to take place where creeping 
bentgrass is controlled. 
In areas where creeping bentgrass is most commonly a nuisance such as in a 
mixed stand of Kentucky bluegrass and perennial ryegrass, isoxaflutole could be an 
ideal candidate for selective control. At 200 g ha** of isoxaflutole, injury to Kentucky 
bluegrass was minimal with maximum injury (40%) occurring between 2 and 3 WAT, 
but injured Kentucky bluegrass recovered over time and were barely noticeable 6 
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WAT. ‘Prelude’ perennial ryegrass was tolerant with no injury due to isoxaflutole, 
with plants sustaining 30 % injury 2 WAT, but recovering completely 8 WAT. 
Studies show that dinitroaniline herbicides may result in injuries to turfgrass 
species when applied to creeping bentgrass and Kentucky bluegrass, especially under 
stressful conditions (Bhowmik and Bingham, 1990; Bhowmik et al., 1987). As long as 
turfgrass species are not undergoing summer stress periods, isoxaflutole could be used 
to selectively control creeping bentgrass and not be detrimental to Kentucky bluegrass 
and perennial ryegrass stands. 
It should be noted that along with creeping bentgrass, annual bluegrass is also a 
common problem in turfgrass stands. Annual bluegrass was more susceptible to 
isoxaflutole than Kentucky bluegrass and perennial ryegrass. The 200 g ha'^ rate of 
isoxaflutole completely killed annual bluegrass. Earlier studies have been done to 
selectively control annual bluegrass with ethofiimesate and plant growth regulators 
(Demoeden and Turner, 1986, 1988; Dickens, 1979; and Johnson, 1983). Further 
studies should be conducted to determine if isoxaflutole could be used to selectively 
control annual bluegrass. 
87 
References 
Amon, D. L, M. B. Allen and F. Whatley. 1956. Photosynthesis by isolate 
chloroplasts. Biochem. Biophys. Acta 20:449-461. 
Benson, H. J. 1985. Microbiological applications, a laboratory manual in general 
microbiology, 4* edition. Wm. C. Brown Publishers. 
Bhowmik, P. C. and S. W. Bingham. 1990. Preemergence activity of dinitroaniline 
herbicides used for weed control in cool-season turfgrasses. Weed Technol. 
4:387-393. 
Bhowmik, P. C. and Prostak, R. G. 1997. Potential use of EXP 31130A for weed 
control in cool-season turfgrass. Proc. Northeast. Weed Sci. Soc. 51:47. 
Bhowmik, P. C. and S. M. Podmayer, and L. A. Spokas. 1987. Tolerance of bentgrass 
{Agrostispalustris Hud.) To preemergence and postemergence herbicides. 
Abstr. Weed Sci. Am. No. 70. 
Damon, R. A. Jr. and W. R. Harvey. 1987. Experimental Design, Anova and 
Regression. Harper and Row, Publishers, Inc. NY. 
Demoeden, P. H. and T. R. Turner. 1986. Selective control of Poa annua in perennial 
ryegrass and creeping bentgrass with ethofumesate. Proc. Northeast. Weed Sci. 
Soc. 40:276-277. 
Demoeden, P. H. and T. R. Turner. 1988. Annual bluegrass control and tolerance of 
Kentucky bluegrass and perennial ryegrass to ethofumesate. HortSci. 23:565- 
567. 
Dickens, R. 1979. Control of annual bluegrass {Poa annua) in overseeded 
bermudagrass {Cynodon spp.) golf greens. Weed Sci. 27:642-644. 
Johnson, B. J. and T. R. Murphy. 1996. Suppression of a perennial subspecies of 
annual bluegrass {Poa annua spp. reptans) in a creeping bentgrass {Agrostis 
green with plant growth regulators. Weed Technol. 10:705-709. 
Luscombe, B. M., K. E. Pallett, P. Loubiere, J. C. Melgarejo, and T. E. Vrabel. 1995. 
RPA 201772: a novel herbicide for broadleaf and grass weed control in maize 
and sugarcane. Proc. Brighton Crop Cont. Conf.-Weeds. 2:35-42. 
88 
McCarty, L. B. 1996. Selective control of common bermudagrass in St. 
Augustinegrass. Crop Sci. 36:694-698. 
SAS Institute Inc. 1995. SAS Institute Inc. Cary, NC. 27513. 
89 
CHAPTER V 
RESPONSE OF ‘BARON’ KENTUCKY BLUEGRASS TO RATES OF 
ISOXAFLUTOLE AND FOLIAR IRON SOURCES 
Abstract 
Field and growth chamber studies were conducted to determine if iron could 
protect ‘Baron’ Kentucky bluegrass {Poapratensis L.) from isoxaflutole [5 
cyclopropyl-4 (2-methanesulphonyl-4-trifluoromethyl benzoyl) isoxazole] injury. 
Lesco® Iron Sulfate at 0, Vi, 1, 2 and 4 times the recommended rates of 12 g Fe / 92.9 
m^ was applied in combination with isoxaflutole at 0, 500, and 700 g ha'* 
postemergence to ‘Baron’ Kentucky bluegrass under controlled conditions in a growth 
chamber. Field studies were also conducted where isoxaflutole at 0, 200, 400, 600, and 
800 g ha'* was combined with Lesco Iron Sulfate, Lesco IronPlus, or Sequestrene. 
Treatments were applied postemergence to ‘Baron’ Kentucky bluegrass. Isoxaflutole 
at 500 g ha'* caused some turfgrass injury (30%) to ‘Baron’ Kentucky bluegrass. 
Lesco® Iron Plus and Iron Sulfate provided some masking from injury due to 
isoxaflutole and resulted in improved turfgrass quality over time. Increase in iron rate 
did not protect Kentucky bluegrass from herbicide injury. Iron provided quick green- 
up, with no extra growth of the isoxaflutole treated Kentucky bluegrass. 
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Introduction 
Postemergence herbicides are often necessary to control weeds in many types of 
turfgrass situations. Even though a herbicide is labeled for use on turfgrass, turfgrass 
injury may occur due to environmental conditions during application. Injury may be a 
slight discoloration of the turfgrass or even death under certain weather conditions. 
Carrol et al. (1992) reported that established ‘Penncross’ creeping bentgrass injury 
occurred as yellow-brown discoloration of turf when treated with fenoxaprop [(±)-2- 
[4-[6-chloro-2-benzoxazolyl)oxy]phenoxy] propanoic acid] at 0.045 kg ha*^ 
Color is one of the most important characteristics that contribute to visual 
turfgrass quality. Herbicide injury to turfgrass can occur on the upper leaf tissue where 
leaf tissue becomes chlorotic or necrotic, or the root system where roots become 
stunted (Carroll et al., 1992; Cooper and Spokas, 1990; Demoeden, et al., 1988; 
Hoffinan and Dnicki, 1990; Hummel et al., 1990; and Johnson and Bundschuh, 1993). 
Numerous studies have been done on the effects of iron on turfgrass growth and 
appearance (Cooper et al., 1991; Deal and Engel, 1965; Glinkski et al., 1992; Johnson 
et al., 1990; Schmidt et al., 1984; and Yust et al., 1984). Cooper and Spokas (1991) 
found that ‘Touchdown’ and ‘Baron’ Kentucky bluegrass turfgrass treated with 1.5, 
3.0, and 6.0 kg Fe ha'* of Agri-plex 4X, Extra-Iron, Trugreen, and Sequestrene 330 
chelated iron sources exhibited quality superior to untreated turfgrass. Increasing the 
rates of iron did not improve turfgrass quality or increased growth. Glinski et al. 
(1992) showed color and visual quality improvements on 2-year old ‘Penncross’ 
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cnwptT^ bentgrtss the use of FeSO^. Liwn-Pex, and Sequestrene 330 iron sources 
ai L12 V;g Fe ha'*. 
Tur^rass cok>r and ov’erall quality’ can be improv’cd with applications of iron 
and lutrogen How’e\’er, sey’eral problems may arise using nitrogen such as increased 
need for mowing, the potential for increased succulence and incidence of certain 
especialh’ brown patch, and reduced root growth (Yust et al., 1984). 
Since iron does not usually promote increased growth rates, application of iron 
to turfgrass may improve turfgrass color without the negative aspects of excessive 
nitrogen fertilization. Iron is important in plant cells as a catalyst in enzyme redox 
reactions and in chlorophyll biosynthesis (Taiz and Zeiger, 1991). Iron is usually 
acquired by plants through the root system. However, iron is very insoluble and may 
be difficult for plants to obtain from the soil. Foliar applications make iron immediately 
available for chlorophyll production through leaf and stem absorbtion. 
Iron has been used for many years to improve turfgrass appearance without the 
excessive growth attributed to nitrogen use (Deal and Engle, 1965). The most common 
explanation for this response is that iron, which is required for chlorophyll formation, 
produces a temporary increase in chlorophyll content of leaves. 
Foliar applications of FeS04and Sequestrene 330 at 1.1, 2.2, and 4.5 kg Fe 
ha*' to a 3-year old ‘Columbia’ and ‘Touchdown’ Kentucky bluegrass blend enhanced 
turfgrass color from several weeks to several months, depending on growing conditions 
after treatment (Yust et al., 1984). Color enhancement lasted longest when cool, dry 
weather followed treatments, and color improvements were brief after wet weather. 
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Schmidt and Snyder (1984) found that applications of the chelated iron 
diethylenetriamine pentaacetate at 61.0 and 122.0 g A** rate improved ‘Penncross’ 
creeping bentgrass color when combined with NH4NO3 nitrogen at 0.25 kg N A** and 
0.50 kg N A*^ Another source of iron such as Ferrous sulfate, and the chelates Lawn- 
Plex, and Sequestrene 330 all improved color and visual quality throughout the year 
(Glinski, et al., 1992). 
Turfgrass quality was superior throughout the year from treatments of 
Sequestrene 330, while 30 days after treatment (DAT) or later, there were no 
differences between Agri-plex 4X, Extra-Iron, Trugreen, and Sequestrene 330 iron 
sources at 1.5, 3.0, and 6.0 kg Fe ha'* (Cooper and Spokas, 1991). However, Cooper 
and Spokas showed that the use of Agri-plex 4X resulted in more foliar growth than 
Extra-Iron, Trugreen, and Sequestrene 330 at 1.5, 3.0, and 6.0 kg Fe ha'* and 
occasionally all Fe sources provided more growth than untreated turfgrass. Their 
results differed from those of Deal and Engle (1965) and Yust et al. (1984) who found 
that Fe applications had no effect on foliar growth of Kentucky bluegrass. Iron 
applications of 1, 10, and 60 kg ha'* did not influence ‘Merion’ Kentucky bluegrass 
density, average weight per shoot, or the leaf-root ratio (Deal and Engel, 1965). 
However, Fe treatments did produce a quick response in leaf color when applied to 
, turfgrass grown at low fertility levels, with improved color effects lasting 4 to 5 weeks 
after treatment (WAT) (Deal and Engel, 1965). Severe burning and dark brown 
discoloration of lower leaves was evident from the 5* through 17* WATs in low- 
fertility cultures when Fe was applied at 60 kg ha'*. 
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Limited information is available on whether the addition of iron will help to 
alleviate turfgrass injury or to mask injury due to herbicidal treatments. The effects of 
foliar applied iron with postemergence herbicides on injury, color, and quality of 
‘Tifway’ Bermudagrass were investigated by Johnson et al. (1990). Some of the 
advantages to using iron in combination with several postemergence herbicides on 
‘Tifway’ Bermudagrass included reduced injury, enhanced color and increased turfgrass 
quality. Johnson et al. (1990) found that the Bermudagrass exhibited less injury when 
Lawn-Plex, used as the Fe source at 1.12 kg h&\ was applied to turfgrass treated with 
a herbicide such as MSMA (monosodium acid methanearsonate) compared to MSMA 
alone. Even when herbicides were combined, such as MSMA + metribuzin ([4-amino- 
6-tert-butly-3-(methvlthio)-as-trizin-5(4H)-one1), or MSMA + imazaquin (2-[4,5- 
dihydro-4-methyl-4-( 1 -methylethyl)-5-oxo- l//-iniidazol-2-yl]-3-quinolinecarboxylic 
acid), injury to Bermudagrass decreased with the addition of Lawn-Plex Fe at 1.12 kg 
Fe ha*^ As rates of these herbicides increased, the recovery of the turfgrass from 
herbicide injury was more noticeable due to the iron treatments. 
Materials and methods 
^ Field experiments 
Two experiments on established ‘Baron’ Kentucky bluegrass were conducted at 
the Turfgrass Research Station, LFniversity of Massachusetts in South Deerfield, MA in 
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1997. The soil was a Winooski soil containing 0.83 % organic matter with a pH of 
5.75. 
In both experiments, five rates (0, 200, 400, 600 and 800 g ha*^) of isoxaflutole 
[5 cyclopropyl-4 (2-methanesulphonyl-4-trifluoromethyl benzoyl) isoxazole] were 
applied in combination with four different iron sources. Iron sources were a control 
where no iron was used, Lesco FePlus at 148 ml / 92.9 m^ Sequestrene 330 at 123.3 g 
/ 92.9 m^, and Lesco Iron Sulfate at 63.23 g / 92.9 m^. Iron treatments were calculated 
to deliver 12 g Fe / 92.9 m^. The treatments were applied using a C02-backpack 
sprayer with Teejet XR 11004 VS nozzles at a pressure of 152 kPa using a spray 
volume of467 L ha**. 
Experimental design. Field experiments were laid out in a randomized 
complete block design and all treatments were replicated three times. 
Analysis of variance (ANOVA) were used to determine differences in treatment 
effects. Error terms were obtained by calculating the expected mean squares (Damon 
and Harvey 1987). The appropriate error terms were used in the hypotheses tests using 
the ANOVA program of SAS (SAS Institute, 1995). F values with probabilities equal 
to or less than 0.05 were considered significant and designated by an *, and those with 
F values having probabilities equal to or less than 0.01 were considered highly 
significant and designated by a * * (Tables A.9 to A. 12 and A. 14 to A.21). 
The E (MS) (Table 5.1) for these experiments had the following sources of 
variation: iron (I) + rates of isoxaflutole (X) + replication (R) + iron x rates (IX) + 
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iron X replication (IR) + rates x replication (XR) iron x rate x replication (IXR) where I 
stands for the 4 different iron sources (No-Iron, Lesco Iron Plus, Lesco Iron Sulfate, 
and Sequestrene), X stands for the 5 different rates of isoxaflutole used (0, 200, 400, 
600, and 800 g ha'^), and R stands for replications (3 times). Iron and rates of 
isoxaflutole were fixed while replications were random. Based on these assumptions, 
iron, rates, and iron x rates had F-tests while the other sources did not have any 
appropriate F-test (Table 5.1). 
All data were subjected to ANOVA and appropriate mean separation techniques 
were used (SAS 6.12, 1996). The significant interactions were partitioned and 
separated using Duncan’s New Multiple Range Test for sources of iron and regression 
techniques for rates of isoxaflutole. 
Turfgrass response. Turfgrass injury was visually estimated on a scale of 0 to 
100%, where 0 = lush healthy turf, and 100 = dead brown turf Turfgrass color was 
also visually estimated on a scale of 1 to 9, where 1 = dead brown turfgrass, and 9 = 
dark green turfgrass. These ratings were recorded each WAT for 8 weeks. 
Growth chamber experiments 
Two experiments were conducted in a growth room during 1998. ‘Baron’ 
Kentucky bluegrass was established in containers 5 cm in diameter by 30 cm high. 
Seeds were planted in a Hadley fine sandy loam (Typic Udifluvents) containing 3.5% 
organic matter with a pH of 6.5. After germination, seedlings were thinned to 5 plants 
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per container and allowed to tiller. The growth room had an average temperature of 
22° C with artificial light at 60 pmol / m^, with 8 hours of darkness and 16 hours of 
light. The containers were watered every other day with 5 to 10 ml of water to avoid 
wilting. Plants were fertilized with 112 g N / 92.9 m^ weekly until plants were 
established, then every other week for 10 weeks. 
In experiment 1, two rates [0 and 700 g ha*^] of isoxaflutole were applied in 
combination with five rates [0, 6, 12, 24, and 48 g Fe / 92.9 m^] of Lesco Iron Sulfate 
to the established turfgrass. In experiment 2, two rates [0 and 500 g ha’^] of 
isoxaflutole were applied in combination with five rates [0, 6, 12, 24 and 48 g Fe / 92.9 
m^] of Lesco Iron Sulfate to the established turfgrass. Kentucky bluegrass plants were 
cut to 5 cm and treated 2 days later. The treatments were applied using a CO2- 
backpack sprayer with Teejet XR 11004 VS nozzJes at a pressure of 152 kPa using a 
spray volume of467 L ha*\ Before treatments, the soil in the containers was covered 
with a layer of fine granular carbon, so that no herbicide would be absorbed through the 
root system. Carbon was removed several hours after treatments, when the treated 
plants were dry. Experiment 1 was treated on February 4, 1998 and experiment 2 was 
treated on March 2, 1998. 
Experimental desien. Both experiments were laid out in a randomized 
complete block design and all treatments were replicated four times. 
ANOVA was used to determine differences in treatment effects. Error terms 
were obtained by calculating the expected mean squares (Damon and Harvey 1987). 
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The appropriate error terms were used in the hypotheses tests using the ANOVA 
program of SAS (SAS Institute, 1995). F values with probabilities equal to or less than 
0.05 were considered significant and designated by an ♦, and those with F values having 
probabilities equal to or less than 0.01 were considered highly significant and 
designated by a * *. 
The E (MS) (Table 5.1) for these experiments had the following sources of 
variation: iron (I) + rates of isoxaflutole (X) + replication (R) + iron x rates (IX) + iron 
X rep (IR) + rates x rep (XR) + iron x rate x rep (IXR) where I stands for the 5 
different rates or iron used (0, 6, 12, 24 and 48 g Fe / 92.9 m^), X stands for the 2 
different rates of isoxaflutole used (0 and 500 g ha’* or 0 and 700 g ha’*), and R stands 
for replications (4 times). Iron and rates were fixed while replications were random. 
Based on these assumptions, iron, rates, and iron x rates, had F-tests while the other 
sources did not have any appropriate F-test (Table 5.1). 
All data were subjected to ANOVA and appropriate mean separation techniques 
were used (SAS 6.12, 1996). The significant interactions were partitioned and a 
regression technique was used to separate the means. 
Growth measurements. Kentucky bluegrass growth was measured by clipping 
weights and plant heights every WAT. Plants were maintained at 5 cm on a weekly 
basis and fresh weights of clippings were immediately recorded. At the end of each 
experiment, the turfgrass plugs were harvested and washed carefully. Root biomass 
was dried at 40®C for several days and dry weights were taken. 
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Turfgrass response. Turfgrass injury was visually estimated on a scale of 0 to 
100%, where 0 = lush healthy turf, and 100 = dead brown turf Turfgrass color was 
also visually estimated on a scale of 1 to 9, where 1 = dead brown turfgrass, and 9 = 
dark green turfgrass. These ratings were recorded each week following the treatments. 
Chlorophyll content. Color of the treated turfgrass was quantified by 
chlorophyll estimation bi-weekly following treatments (Benson, 1985). The chlorophyll 
was extracted in N,N-dimethyl formamide and the absorbance at 663, 645 and 480 nm 
wave lengths was recorded using a spectrophotometer. Using the absorbance values, 
chlorophyll a, chlorophyll b, and carotenoid pigments were calculated based on the 
following formulas (Amon et al. 1956). In this situation, 480 nm was used instead of 
440 nm. All values were calculated in pg/g fresh weight. The following equations 
were used to calculate pigment concentrations. 
Chlorophyll a = 12.7 (A ^53) - [ 2.69 (A<j45) (V / W)] 
Chlorophyll b = 22.9 (A ^45) - [ 4.68 (A^) (V / W)] 
Total chlorophyll (a+b) = 20.2 (A 545) + [ 8.02 (A^a) (V / W)] 
Carotenoid = 4.16 (A 4*0) - [ 0.89 (A^) (V / W)] 
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Results 
Field studies 
Injury to ‘Baron* Kentucky bluegrass was significantly affected by various 
treatment combinations of isoxaflutole and iron during the first 4 WAT (Tables A. 9 to 
A. 13). At 1 WAT, iron modified injury to Kentucky bluegrass (Table A.9). 
Sequestrene and Iron Sulfate reduced injury to bluegrass 1 WAT (Table A. 13). Iron 
Plus or no-iron when combined with isoxaflutole at 600 and 800 g ha** significantly 
differed in turfgrass injury from Sequestrene and Iron Sulfate when combined with 
isoxaflutole at the same rates, causing 60% more injury (Table A. 13). 
At 1 WAT, isoxaflutole injured bluegrass (Table A. 9). As the rate of 
isoxaflutole increased, injury increased to 20% at 800 g ha** isoxaflutole (Figure 5.1). 
At 2, 3, and 4 WAT iron sources did not significantly modify turfgrass injury. 
However, rate of isoxaflutole was highly significant for all 3 weeks (Tables A. 10 to A. 
12). As the rate of isoxaflutole increased, injury also increased (Figures 5.2 to 5.4). 
Maximum bluegrass injury was observed with isoxaflutole at 600 g ha** 2 WAT, causing 
10 to 20% injury. While isoxaflutole at 800 g ha** resulted in 30% injury to bluegrass. 
Treated Kentucky bluegrass recovered completely by 5 WAT. 
Color of Kentucky bluegrass was affected by iron and isoxaflutole 
combinations. For the first 3 WAT, iron, isoxaflutole, and iron x isoxaflutole were all 
highly significant. At 1 and 2 WAT, isoxaflutole reduced turfgrass color as rates 
increased (Figure 5.5). Rates of 600 and 800 g ha** caused noticeable discoloration of 
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Figure 5.1. Injury to 'Baron' Kentucky bluegrass as influenced by 
isox^utole and various sources of iron 1 WAT. 
No Iron 
Sequestrene 
Iron Sulfate 
Irnry Iron Plus 
source 
800 
600 
200 
o'- ^ 
Figure 5.2. Injury to 'Baron' Kentucky bluegrass as Influenced by 
isox^utole and various sources of iron 2 WAT. 
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Figure 5.3. Injury to 'Baron' Kentucky bluegrass as influenced by 
isoxaflutole and various sources of iron 3 WAT. 
Figure 5.4. Injury to 'Baron' Kentucky bluegrass as Influenced by 
isox^utole and various sources of iron 4 WAT. 
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Figure 5.5. Color of 'Baron' Kentucky bluegrass as 
influenced by isoxaflutole 1 and 2 WAT. 
Figure 5.6. Color of 'Baron' Kentucky bluegrass as influenced 
by isoxaflutole 3 and 4 WAT. 
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Figure 5.7. Color of 'Baron' Kentucky bluegrass as influenced by 
isoxaflutole 5 and 6 WAT. 
Figure 5.8. Color of 'Baron' Kentucky bluegrass as influenced 
by Isoxaflutole 7 and 8 WAT. 
105 
bluegrass leaves giving an overall appearance of yellowing, unhealthy turfgrass. 
However, at 3 to 4 WAT, turfgrass recovered and maximum color rating was noted at 
the 400 g ha’^ rate (Figure 5.6). At 5 WAT and later, Kentucky bluegrass color was 
not affected by higher rates of isoxaflutole (600 to 800 g ha**) (Figures 5.7 and 5.8). 
The addition of iron to isoxaflutole can be related to the improved turfgrass 
color. Iron sources were highly significant in color improvement over weeks (Tables 
A. 14 to A.21). The addition of iron significantly improved turfgrass color compared 
to no iron up to 8 WAT (Tables A.22 to A.29). The addition of Iron Plus or Iron 
Sulfate improved turfgrass color for each week compared to Sequestrene which 
significantly improved color for the first 3 WAT only. 
The interaction of iron x isoxaflutole was either significant or highly significant 
for 1, 2, 3, 4, 5, and 8 WAT (Tables A.14 to A.18, and A.21). Data suggest that there 
is a synergistic effect between isoxaflutole and iron combinations. The interaction iron 
X isoxaflutole was significant. The addition of iron improved turfgrass appearance 
compared to no iron at 200, 400, 600, and 800 g ha** isoxaflutole (Tables A.22 to A.26 
and A.29). Iron Sulfate and Iron Plus generally improved turfgrass color more than 
Sequestrene throughout the experiment (8 WAT). At high doses of isoxaflutole (600 
and 800 g ha**), the addition of iron improved turfgrass color from unacceptable ratings 
(4 to 5) to acceptable color (7 to 8) 1 and 2 WAT. 
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Growth chamber studies 
Growth chamber studies showed that the rate of iron, when combined with 
isoxaflutole, did not significantly affect bluegrass quality, including color, injury, 
growth, and height. 
In both growth chamber experiments, iron did not effectively change the overall 
growth and appearance of the bluegrass when combined with isoxaflutole at 500 or 700 
g ha'^ There were no significant differences throughout the experiments for iron or the 
interaction iron x isoxaflutole for parameters measured. The 500 g ha*^ isoxaflutole 
resulted in up to 25% reduction in color quality and up to 65% more fresh weight loss 
compared to no isoxaflutole (8 WAT). Isoxaflutole at 700 g ha*^ resulted in up to 30% 
reduction in color quality and up to 60% more fresh weight loss compared to no 
isoxaflutole. Isoxaflutole resulted in 80% reduction in root biomass, with no 
differences among iron treatments. 
Chlorophyll data confirmed that iron did not significantly affect pigment 
concentrations at all harvest dates. However, isoxaflutole significantly reduced pigment 
concentrations. The high rates of isoxaflutole (500 and 700 g ha'*) significantly 
lowered pigment concentrations resulting in 40 to 60% reduction compared to the 
untreated treatment. 
Discussion 
Studies showed that isoxaflutole at 500 g ha'* caused injury to ‘Baron’ 
Kentucky bluegrass, even when combined with different levels of iron. These 
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symptoms include chlorotic leaves and stunted growth, both in the shoots and roots of 
the turfgrass plants. 
According to field experiments, isoxaflutole injured Kentucky bluegrass at high 
rates (600 and 800 g ha*^), and the addition of iron provided some protection. 
Turfgrass undergoes herbicide stress 1 to 2 WAT, but will recover between 3 and 4 
weeks after treatments. No visible herbicide injury was observed on Kentucky 
bluegrass with 600 g ha*\ This rate would be enough to control creeping bentgrass. 
This would indicate isoxaflutole would be an excellent selective control for creeping 
bentgrass invasion into Kentucky bluegrass stands. 
As with studies done by Glinski et al. (1992) and Yust et al. (1984), 
Sequestrene improved turfgrass color compared to no iron. However, at 600 and 800 
g ha’^ isoxaflutole, Lesco Iron Plus and Iron Sulfate consistently improved turfgrass 
quality compared to the treatments without any iron. 
Differences in results from field studies and growth chamber studies might be 
accounted for by several reasons. Fertility level in the field was maintained at low 
fertility (225 g N / 92.9 m^), while growth chamber studies received fertilization weekly 
(112 g N / 92.9 m^). The constant feeding of nitrogen may have prevented differences 
in iron rates fi’om being detected. Other controlled aspects may have played an 
important role, such as water, temperature, and light conditions. 
Growth chamber experiments suggest that increasing the rate of iron did not 
improve turfgrass color under the experimental conditions. Similar results were found 
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by Cooper and Spokas (1991) where increasing rates of certain chelated iron sources 
did not result in improved turfgrass. 
Kentucky bluegrass will recover from isoxaflutole injury within a few weeks. 
Under both field and growth chamber studies Kentucky bluegrass leaves slowly 
regained their natural ‘greenish’ color, and in some cases grew in denser than when no 
herbicide was used. However, data indicate that Kentucky bluegrass plants recovered 
faster under field conditions, compared to growth chamber conditions. 
Based on these studies, isoxaflutole at rates of 500 to 600 g ha*^ will have 
potential to injure ‘Baron’ Kentucky bluegrass. This type of injury will not be 
completely ‘masked’ by iron treatments. However, iron will provide ‘instant green-up’ 
and when combined with isoxaflutole may result in a healthier turfgrass stand over time. 
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APPENDIX 
DATA TABLES 
Table A. 1. Analysis of variance for crabgrass control ratings (1 WAT). 
Source DF Mean Sauare F-Value 
Adjuvants 2 1805.56 903.33 1.79''® 
Adjuvants; AtPhis 2 344.36 172.18 0.95 
Adjuvants: Induce 2 710.76 355.38 1.95^^ 
Adjuvants:None 2 1810.56 905.28 4.97* 
Adjuvants iRenex 2 144.56 72.28 0.40 
Adjuvants: Scoil 2 344.60 172.30 0.95 
Sur&ctants 4 211.11 52.78 0.55 
Adjuvant x Surfactant 8 1548.89 193.61 1.91 ♦ 
Table A.2. Analysis of variance for crabgrass control ratings (2 WAT). 
Source DF S.S. Mean Square F-Value 
Adjuvants 2 50.55 25.27 0.33"® 
Surfactants 4 237.78 59.44 2.00^^ 
Adjuvant x Surfactant 8 458.89 58.51 1.02"® 
Table A.3. Analy^ of variance for crabgrass control ratings (3 WAT). 
Source DF Mean Sauare F-Value 
Adjuvants 2 501.56 300.83 0.42 "® 
Surfactants 4 326.11 81.53 0.92 
Adjuvant x Surfactant 8 1195.56 149.44 1.43"® 
112 
Table A.4. Analysis of variance for crabgrass control ratings (4 WAT). 
Source DF Mean Square F-Value 
Adjuvants 2 2005.56 1003.33 1.02 “ 
Surfactants 4 427.78 109.44 1.31^^ 
Adjuvant x Surfactant 8 1857.22 232.15 1.70^® 
Table A.S. Analysis of variance for crabgrass control ratings (5 WAT). 
Source DF S.S. Mean Sauare F-Value 
Adjuvants 2 967.22 483.61 0.28 
Surfactants 4 610.00 152.50 2.16^^ 
Adjuvant x Surfactant 8 2813.33 351.67 1.70 
Table A.6. Analysis of variance for crabgrass control ratings (6 WAT). 
Source DF S.S. Mean Sauare F-Value 
Adjuvants 2 3215.00 1607.50 1.51 
Adjuvants:AtPlus 2 302.76 151.38 0.43 
AdjuvantsTnduce 2 1032.87 516.43 1.47^^ 
AdjuvantsiNone 2 719.36 359.68 1.02 “ 
Adjuvants:Renex 2 3343.76 1671.88 4.75 * 
Adjuvants: Scoil 2 2800.00 1400.00 3.98 * 
Surfactants 4 668.33 167.08 1.08^® 
Adjuvant x Surfactant 8 4985.00 623.13 3.59 *♦ 
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Table A. 7. Analysis of variance for crabgrass control ratings (7 WAT). 
Source DF Mean Sauare F-Value 
Adjuvants 2 1401.67 700.83 0.86 
Surfactants 4 53.89 13.47 0.13^^ 
Adjuvant x Surfactant 8 1626.11 203.26 1.75^* 
Table A. 8. Analysis of variance for crabgrass control ratings (8 WAT). 
Source OT Mean Sauare F-Value 
Adjuvants 2 1217.22 608.61 1.61 
Adjuvants: AtPlus 2 608.57 304.28 2.17'^® 
Adjuvants:Induce 2 633.27 316.63 2.26 
AdjuvantsiNone 2 407.97 203.98 1.46 
Adjuvants:Renex 2 1108.77 554.38 3.96* 
Adjuvants: Scoil 2 352.56 176.28 1.26 
Surfactants 4 152.78 38.19 0.58 
Adjuvant x Surfactant 8 1893.89 236.74 2.94 »* 
Table A.9. Analysis of variance for Kentucky bluegrass injury ratings (1 WAT). 
Source DF S.S. Mean Sauare F-Value 
Iron 3 695.00 231.67 7.85 ♦♦ 
Iron : 0 g ha'^ isoxaflutole 3 0.0 0.0 0.0^® 
Iron : 200 g ha’* isoxaflutole 3 37.5 12.5 0.48^® 
Iron : 400 g ha’* isoxaflutole 3 100.00 33.33 
1 29N® 
Iron : 600 g ha’* isoxaflutole 3 569.79 189.93 7.33 ** 
Iron : 800 g ha’* isoxaflutole 3 708.33 236.11 9.11 *♦ 
Isoxaflutole 4 2752.92 688.23 22.85 ** 
Iron X Isoxaflutole 12 723.75 60.31 2.41 • 
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Table A. 10. Analysis of variance for Kentucky bluegrass injury ratings (2 WAT). 
Source DF Mean Sauare F-Value 
Iron 3 458.96 152.97 0.80 
Isoxaflutole 4 10252.92 2563.23 31.65 *♦ 
Iron X Isoxaflutole 12 492.08 41.01 0.93 
Table A, 11. Analysis of variance for Kentucky bluegrass injury ratings (3 WAT), 
Source DF S.S. Mean Sauare F-Value 
Iron 3 56.67 18.89 0.58 
Isoxaflutole 4 333.33 83.33 5.52 ** 
Iron X Isoxaflutole 12 60.00 5.00 0.34 
Table A. 12. Analysis of variance for Kentuclcy bluegrass injury ratings (4 WAT). 
Source DF Mean Square F-Value 
Iron 3 7.29 2.43 0.43 
Isoxaflutole 4 85.42 21.35 14.44 ♦» 
Iron X Isoxaflutole 12 39.58 3.30 0.88 
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Table A. 13. Duncan’s multiple range for Kentucky bluegrass injury ratings for Iron and 
Iron X Isoxaflutole (1 WAT). Means with the same letter are not 
significantly different from each other. 
Iron source Means 
Iron Plus 7.5 A 
No Iron 7.5 A 
Sequestrene 3.7 B 
Iron Sulfate 2.0 B 
Combination Means 
Iron Plus : 600 g ha*^ 15.0 A 
No-iron : 600 g ha*^ 15.0 A 
Sequestrene : 600 g ha** 6.7 B 
Iron Sulfate: 600 g ha** 4.2 B 
Iron Plus : 800 g ha** 19.2 A 
No-iron : 800 g ha** 14.2 A 
Sequestrene : 800 g ha** 8.3 B 
Iron Sulfate: 800 g ha** 5.0 B 
Table A. 14. Analysis of variance for Kentucky bluegrass color ratings (1 WAT). 
Source DF S.S. Mean Square F-Value 
Iron 3 38.76 12.92 19.20 ♦* 
Iron : 0 g ha** isoxaflutole 3 2.43 0.81 
2 38 NS 
Iron : 200 g ha** isoxaflutole 3 10.75 3.58 10.54 *• 
Iron : 400 g ha** isoxaflutole 3 7.75 2.58 7.60 •• 
Iron : 600 g ha** isoxaflutole 3 11.17 3.72 10.95 ♦* 
Iron : 800 g ha** isoxaflutole 3 14.77 4.92 14.48 ** 
Isoxaflutole 4 67.00 16.75 42.41 •* 
Iron X Isoxaflutole 12 8.2 0.68 2.61 ** 
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Table A. 15, Analysis of variance for Kentucky biuegrass color ratings (2 WAT). 
Source DF Mean Sauare F-Value 
Iron 3 74.76 24.92 35.21 ♦♦ 
Iron : 0 g ha’* isoxaflutole 3 1.44 0.48 1.56^® 
Iron : 200 g ha’* isoxaflutole 3 22.23 7.41 24.06 ♦* 
Iron : 400 g ha’* isoxaflutole 3 21.42 7.14 23.19** 
Iron : 600 g ha'* isoxaflutole 3 25.35 8.45 27.43 *• 
Iron : 800 g ha’* isoxaflutole 3 27.92 9.31 30.21 ** 
Isoxaflutole 4 40.22 10.05 156.69 ** 
Iron X Isoxaflutole 12 23.12 1.93 3.46 ** 
Table A. 16. Analysis of variance for Kentucky bluegrass color ratings (3 WAT). 
Source DF S.S. Mean Square F-Value 
Iron 3 25.93 8.64 16.91 *♦ 
Iron : 0 g ha’* isoxaflutole 3 0.35 0.12 0.53''® 
Iron : 200 g ha’* isoxaflutole 3 4.50 1.50 6.93 ** 
Iron : 400 g ha’* isoxaflutole 3 7.29 2.43 11.23 *• 
Iron : 600 g ha’* isoxaflutole 3 11.39 3.79 17.54 *• 
Iron : 800 g ha’* isoxaflutole 3 13.77 4.59 21.22 •* 
Isoxaflutole 4 6.55 1.64 10.40 •* 
Iron X Isoxaflutole 12 9.31 0.78 5.43 *♦ 
117 
Table A. 17. Analysis of variance for Kentucky bluegrass color ratings (4 WAT). 
Source DF Mean Sauare F-Value 
Iron 3 9.77 3.25 4.01 *♦ 
Iron : 0 g ha'* isoxaflutole 3 0.33 0.11 0.45”* 
Iron : 200 g ha'* isoxaflutole 3 4.76 1.59 6.55 »• 
Iron : 400 g ha'* isoxaflutole 3 2.11 0.70 2.91 ”* 
Iron : 600 g ha'* isoxaflutole 3 2.43 0.81 3.35 ♦ 
Iron : 800 g ha'* isoxaflutole 3 5.16 1.72 7.10** 
Isoxaflutole 4 16.87 4.21 9.71 ** 
Iron X Isoxaflutole 12 5.07 0.42 4.23 ** 
Table A. 18. Analysis of variance for Kentucky bluegrass color ratings (5 WAT). 
Source DF S.S. Mean Square F-Value 
Iron 3 5.49 1.83 12.03 ** 
Iron : 0 g ha'* isoxaflutole 3 0.00 0.00 0.00”* 
Iron : 200 g ha'* isoxaflutole 3 1.47 0.49 5.68 ** 
Iron : 400 g ha'* isoxaflutole 3 2.14 0.71 8.29 ** 
Iron : 600 g ha'* isoxaflutole 3 1.48 0.49 5.70 ** 
Iron : 800 g ha'* isoxaflutole 3 2.61 0.87 10.13 ** 
Isoxaflutole 4 41.38 10.35 170.07 ** 
Iron X Isoxaflutole 12 2.22 0.18 2.53 ** 
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Table A. 19. Analysis of variance for Kentucky bluegrass color ratings (6 WAT). 
Source DF Mean Sauare F-Value 
Iron 3 7.07 2.36 6.01 ** 
Isoxaflutole 4 52.62 13.15 197.31 *♦ 
Iron X Isoxaflutole 12 2.18 0.18 1.23^^ 
Table A.20. Analysis of variance for Kentucky bluegrass color ratings (7 WAT). 
Source DF S.S. Mean Sauare F-Value 
Iron 3 5.53 1.84 4.12* 
Isoxaflutole 4 59.70 14.93 101.19** 
Iron X Isoxaflutole 12 1.30 0.11 0 87 NS 
Table A.21. Analysis of variance for Kentucky bluegrass color ratings (8 WAT). 
Source DF S.S. Mean Sauare F-Value 
Iron 3 9.5 3.17 9.60 ♦* 
Iron : 0 g ha'^ isoxaflutole 3 0.49 0.16 0.84'^* 
Iron : 200 g ha** isoxaflutole 3 3.51 1.17 6.03 ** 
Iron : 400 g ha** isoxaflutole 3 6.51 2.17 11.19** 
Iron : 600 g ha** isoxaflutole 3 2.46 0.82 4.22 * 
Iron : 800 g ha** isoxaflutole 3 0.45 0.15 
0 77 NS 
Isoxaflutole 4 105.03 26.26 163.26 ** 
Iron X Isoxaflutole 12 3.83 0.319 1.97* 
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Table A.22. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron and 
Iron X Isoxaflutole (1 WAT). Means with the same letter are not sigmficantly 
different from each other.  
Iron source Means 
Iron Sulfate 8.1 A 
Iron Plus 7.9 A 
Sequestrene 7.8 A 
No-iron 6.7 B 
Combination Means 
Iron Sulfate : 200 g ha*^ 9.0 A 
Iron Plus: 200 g ha' 8.5 A 
Sequestrene : 200 g ha'^ 8.2 B 
No-iron: 200 g ha** 7.2 B 
Iron Sulfate : 400 g ha'^ 8.0 A 
Iron Plus: 400 g ha** 8.0 A 
Sequestrene ; 400 g ha*^ 7.2 B 
No-iron : 400 g ha*^ 6.7 B 
Iron Sulfate : 600 g ha*^ 7.7 A 
Iron Plus: 600 g ha** 7.7 A 
Sequestrene : 600 g ha** 7.2 A 
No-iron: 600 g ha* 6.0 B 
Sequestrene : 800 g ha** 7.3 A 
Iron Sulfate : 800 g ha** 7.2 A 
Iron Plus: 800 g ha** 6.7 A 
No-iron: 800 g ha** 5.3 B 
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Table A.23. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron and 
Iron X Isoxaflutole (2 WAT). Means with the same letter are not significantly 
different from each other. 
Iron source Means 
Iron Plus 7.8 A 
Iron Sulfate 7.5 A 
Sequestrene 7.4 A 
No-iron 5.8 B 
Combination Means 
Iron Plus : 200 g ha*^ 8.8 A 
Iron Sulfate : 200 g ha’* 8.0 B 
Sequestrene : 200 g ha’* 7.7 B 
No-iron : 200 g ha’* 6.2 C 
Iron Plus : 400 g ha’* 8.3 A 
Iron Sulfate : 400 g ha’* 8.2 A 
Sequestrene : 400 g ha’* 7.8 A 
No-iron : 400 g ha’* 6.0 B 
Sequestrene : 600 g ha’* 7.8 A 
Iron Sulfate : 600 g ha’* 7.5 AB 
Iron Plus : 600 g ha’* 7.0 B 
No-iron : 600 g ha’* 5.2 C 
Iron Plus : 800 g ha’* 7.2 A 
Sequestrene : 800 g ha’* 6.7 AB 
Iron Sulfate : 800 g ha’* 6.3 B 
No-iron : 800 g ha’* 4.7 C 
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Table A.24. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron and 
Iron X Isoxaflutole (3 WAT). Means with the same letter are not significantly 
different from each other. 
Iron source Means 
Iron Sulfate 8.4 A 
Iron Plus 8.3 A 
Sequestrene 7.9 B 
No-iron 7.2 C 
Combination Means 
Iron Plus : 200 g ha’^ 8.5 A 
Iron Sulfate : 200 g ha*^ 8.2 AB 
Sequestrene : 200 g ha'^ 7.8 BC 
No-iron : 200 g ha'^ 7.3 C 
Iron Plus : 400 g ha’^ 8.8 A 
Iron Sulfate : 400 g ha*^ 8.8 A 
Sequestrene : 400 g ha'^ 8.2 B 
No-iron : 400 g ha'^ 7.5 C 
Iron Plus : 600 g ha'^ 8.5 A 
Iron Sulfate : 600 g ha*^ 8.5 A 
Sequestrene : 600 g ha** 8.2 A 
No-iron : 600 g ha'* 6.8 B 
Iron Plus : 800 g ha** 8.7 A 
Iron Sulfate : 800 g ha** 8.7 A 
Sequestrene : 800 g ha** 7.8 B 
No-iron : 800 g ha** 6.8 C 
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Table A.25. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron and 
Iron X Isoxaflutole (4 WAT). Means with the same letter are not significantly 
different from each other. 
Iron source Means 
Iron Sulfate 8.2 A 
Iron Plus 8.1 A 
Sequestrene 7.7 A B 
No-iron 7.5 B 
Combination Means 
Iron Sulfate: 200 g ha'* 8.3 A 
Iron Plus: 200 g ha-‘ 8.2 A 
Sequestrene: 200 g ha-‘ 7.8 A 
No-iron: 200 g ha-‘ 7.3 B 
Iron Sulfate: 600 g ha-' 8.5 A 
Iron Plus: 600 g ha** 8.3 AB 
Sequestrene: 600 g ha** 8.0 AB 
No-iron: 600 g ha** 7.7 B 
Iron Sulfate: 800 g ha-' 8.7 A 
Iron Plus: 800 g ha** 8.7 A 
Sequestrene: 800 g ha** 7.8 B 
No-iron: 800 g ha** 7.7 B 
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Table A.26. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron and 
Iron X Isoxaflutole (5 WAT). Means with the same letter are not significantly 
different from each other.  
Iron source Means 
Iron Sulfate 8.4 A 
Iron Plus 8.3 A 
Sequestrene 8.0 B 
No-iron 7.9 B 
Combination Means 
Iron Plus: 200 g ha-‘ 8.5 A 
Iron Sulfate: 200 g ha-' 8.3 A 
Sequestrene: 200 g ha-' 8.2 A 
No-iron : 200 g ha-' 7.8 B 
Iron Plus: 400 g ha'‘ 8.7 A 
Iron Sulfate: 400 g ha'‘ 8.7 A 
Sequestrene: 400 g ha** 8.2 B 
No-iron: 400 g ha’* 8.0 B 
Iron Sulfate; 600 g ha'* 9.0 A 
Iron Plus: 600 g ha'* 8.7 AB 
Sequestrene: 600 g ha** 8.5 BC 
No-iron: 600 g ha** 8.3 C 
Iron Plus: 800 g ha-' 8.8 A 
Iron Sulfate: 800 g ha-' 8.8 A 
Sequestrene: 800 g ha-' 8.2 B 
No-iron : 800 g ha** 8.2 B 
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Table A.27. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron (6 
WAT). Means with the same letter are not significantly different from each 
other. 
Iron source Means 
Iron Sulfate 8.4 A 
Iron Plus 8.3 A B 
Sequestrene 7.9 B C 
No-iron 7.8 C 
Table A.28. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron (7 
WAT). Means with the same letter are not significantly different from each 
other.  
Iron source Means 
Iron Sulfate 8.4 A 
Iron Plus 8.1 A B 
Sequestrene 7.9 B 
No-iron 7.8 B 
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Table A.29. Duncan’s multiple range for Kentucky bluegrass color ratings for Iron and 
Iron X Isoxaflutole (8 WAT). Means with the same letter are not significantly 
different from each other.  
Iron source Means 
Iron Sulfate 8.2 A 
Sequestrene 7.8 B 
Iron Plus 7.6 B 
No-iron 7.5 B 
Combination Means 
Iron Sulfate : 200 g ha** 8.2 A 
Sequestrene : 200 g ha** 8.0 A 
Iron Plus : 200 g ha** 7.3 B 
No-iron : 200 g ha** 7.3 B 
Iron Sulfate : 400 g ha** 8.7 A 
Sequestrene: 400 g ha** 8.0 B 
Iron Plus : 400 g ha** 7.5 BC 
No-iron : 400 g ha** 7.3 C 
Iron Plus : 600 g ha** 9.0 A 
Iron Sulfate : 600 g ha** 8.3 B 
Sequestrene : 600 g ha** 8.3 B 
No-iron : 600 g ha** 8.2 B 
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